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ABSTRACT 

Three experiments were conducted to determine the 
effect of several instructional variables on concept attainment. In 
Experiment I^ the effect of presenting a rationally chosen set of 
positive and negative instances was contrasted with the effect of 
presenting either a rationally chosen set of positive instances alone 
or tw randomly selected positive instances. EKperiment II modified 
the treatment by giving a concept definition in addition to teaching 
instances. In Experiment III the effect of presenting a rationally 
chosin set of positive and negative instances alone was compared with 
the effect of also including either a concept definition alone or a 
concept definition plus emphasis of relevant attributes. About 100 
sixth grade students took a series of printed lessons dealing with 
geometric symmetry. Results showed that providing a rational set of 
positive and negative instances with a definition^ or with a 
definition plus emphasis, was significantly more facllitative in 
promoting concept learning than the rational set alone^ and that 
providing a rational set of instances with a definition and emphasis 
was not slfnificantly more facilitative than the rational set with 
definiticn alone. (Author/DT) 
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A self --renewing system of elementary education- is oroleet^H in 
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ABSTRACT 

Three experiinents were conducted to determine the effect of several 
instructional variables on concept attainment. Experiment I focused on 
the role of positive and negativa teaching instances. The effect of 
presenting a rationally chosen set of positive and negatlvt Instances 
was contrasted with the effect of presenting either a rationally chosen 
set of positive Instances alone or two randomly selected positive instances- 
A control group read placebo lessons. Experiment II was a modification of 
Experiment I; in each treatment condition a concept definition was given 
in addition to teaching instances. In Experiment III the effect of 
presenting a rationally chosen set of positive and negative instances 
alone was compared with the effect of presenting this rational set of 
instances with (1) a concept definition and (2) a concept definition and 
emphasis of relevant attributes. A control group again read placebo lessons. 

ApproKimately 100 slxth-^grade students participated In each experiment 
as subjects- The instructional variables were manipulated in a series of 
printed lessons dealing with geometric symmetry. 

Although five dependent variables were used to assess both immediate 
concept acquisition and retention^ only the subjects' ability to correctly 
Identify new instances proved to be a consistently reliable measure. Results 
for this variable showed that I 

(1) providing a rational set of positive and negative teaching 
Instances resulted in significantly better performance 
than that of the control group (Immediate acquisition only). 
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(2) providing only a rational set of positive iiistances or 
two randomly chosen positive instances did not result In 
significantly better performance than that of the control 
group Cimmediatte acquisition and retention). 

(3) presenting a concept definition in addition to teaching 
instances (rational set of both positive and negative 
instancesj rational set of positive instances only, or 
two positive instances) resulted in equal performance 
among treattnent conditions and significantly better per- 
formance by all treatment groups than that of the control 
group Cinunediate acquisition and retention) , 

(4) providing a rational set of positive and negative instances 
with a definition plus emphasis resulted in significantly 
batter performance than that of the control group (linmediate 
acquisition and retention), 

(5) providing a rational set of positive and negative instances 
with a definition^ or with a definition plus emphasis i was 
significantly more facilitative in promoting concept learning 
than the rational set alone (iimnediate acquisition only) , 

(6) providing a rational set of instances with a definition and 
emphasis was not algnlf icantly more facilitative than the 
rational set with a definition alone (immediate acquisition^ 
and retention). 
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Chapter I 
INTRODUCTION 

In recent years a great many studies dealing with the nature 
of concept learnini have been conducted. Impetus for this re- 
search has co!Pe both from learning theorists, who study concept 
learning within .q purely theoretical framework, and from 
educators, who recogniEe concept attainment as a fundamental 
form of classroom learning. 

The majority of the research on concept learning has been 
conducted m the laboratory under highly controlled conditions. 
These laboratory studies have made significant contributions 
to the psychological theory of concept learning as well as 
contributing to the understanding of how concepts are learned 
outside of the laboratory. However, the laboratory research 
has been limited In Itra . scope. Typically only concepts with 
highly perceptible attributes have been studied, and the in- 
structional techniques used have generally not extended beyond 
providing subjects with concept examples and non-examples. 
Furthermore, only a limited number of behaviors, such as the 
ability to aorrectly identify a criterion number of concept 
examples, have been used to infer concept attainment. 

Clearly, much of the concept learning which occurs out- 
side of the psychological laboratory does not fit into the 
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limited framework of the typical laboratory study* In the 
classrootn, for example * concepts of varying degrees of ab- 
stractness are introduced, and they are not taught merely by 
providing examples and non-examples * but also through the use ^ 
of labels or namee* definitions and synonyms. Additionally, 
attainment of the concepts is inferred from a variety of be- 
haviors, such as the ability to correctly define the concept 
and recognise the relationships between it and other concepts. 

Due to the limited scope of the majority of the studies 
on concept attainment , researchers working at the Wisconsin 
Research and Development Center for Cognitive Learning have 
undti'**taken a comprehenai'^e program of research designed to 
increase knowledge about the stimulus variables and cognltivrs 
operations related to concept attainment both in the laboratory 
and in the classroom iltuation* One of the p;'Dducts of this 
research has been the formulation by Klausmeier (1971) of a 
deocrlptlve model of the. cognitive operations involvQd in con^ 
eept learning, Thlii model views concept learning as a r.omplex 
form of learning which can.be subdivided into four hierarchical 
levels, each level representing knowledge about concepts at a . 
higher degree of incluslveness and abstractness . 

The four levels of concept learning postulated in Klaus^ 
meier's model are concrete, identity i clasaif icatory, and formal • 
At the concrete level the Individual la Bhl^ fo recognize an 
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object which he has experienced earlier. At the identity level 
the individual recognlgea the object even when viewed from a 
different perspective or sengad in a different modality. At the 
classlflcatory level the individual can identify at least two 
different Inetancea of a concept as belonging to the same set 
or class even though he cannot name the attributes conmon to them. 
Finally s at the formal level the individual can identify ex- 
= amples and non-examplee of the concepts name the concept ^ and 
identify it in terma of its relevant attributes. 

Researchers at the Center have aleo identified a taKonomy 
of the variables which they believe influence concept learning 
(Klausmeler, Davis, Ramsay ^ Fredrick^ 6r Daviae, 1965). These 
variables are hypothesized to affect learning at each of the 
four levels in Klausmeler-e model. The taKonomy has three major 
classifications? Instructional variables, learner variables, 
and concept variables. Instructional variables are those related 
to the manner In which the concept is presented, such as the 
presence or absence of a deflnitior) or the gequence of presenting 
examples and non-examples. The learner variables classification 
refers to variables characteristic of the subject, such as age 
or IQp and Includes the various cognitive operations that any 
particular Individual may or may not be able to carry out. 
Concept variables are those relating to the nature of the sptclflc 
concept being learned, including its relevant and Irrelevant 
attributes, examples and non-^examples. 
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Currently a variety . ' Hies are under%*?ay to eitablish 
both the validity of the conceF^ learning model and the spe- 
cific effect on concept attainment of the variables in the 
taxonomy at each of the four levels Indicated in the 
model* The present study is one of these research efforts. 

Purposes and Hypotheeee of the Study 
The purpose of the present study was to focus on concept 
learning at the formal level by manipulating within printed 
materials three of the InstructlQnal variables outlined in 
the taxonomy and meaiurlng their effect on several of the be- 
haviors from which attainment at the formal level can be in- 
ferred. The instructional variables were^ 

(1) The number of examples and non-examples of the 
concept presented when the concept is not de^ 
fined* 

(2) The number of eKamples and non-examplee of the 
concept presented when the concept is defined* 

(3) Emphasis of the relevant attribute values of 
the concept, 

A variety of hypotheses were tested and they are presented 
in detail in Chapter IV, Vary broadly, however » it was hypothe- 
sised that (1) providing a "maKlmal and optimal"^ number of 
concept examples and non-^eKampliS would be more facllltatlve than 
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"Maximal and optimal" refers to what Markle and Tlemann (1969) 
I have called the rational set of teaching eKamples and non- 
O ^ * ■ examples. This concept is defined in full in Chapter II, 
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a lesser number only if the concept were not defiiieds and (2) 
that emphasis of the relevant attribute values of the concept 
would facilitate concept learning* 

Method 

The instructional variables were studied separately in 
three independent experiments^ In each experiment three se- 
lected geometric concepts were presented through printed leseoni. 
The same concepts were used in all three Btudles. The lesions 
prepared for each experiment were designed to systematically 
vary the particular instructional variable focused on In the 
experiment. 

The three experiments used an Identical series of tests. 
The tes^.;^ consisted of a variety of questions related to concept 
learning at the formal level* 

The subjects were slKth-grade students. * Ninety-slK sub- 
jects participated in Experiment 118 in EKperlment II ^ and 
108 In Experiment III, 

The procedure followed in each of the eKperiments was 
easentlally Identical. The experimental materials were ad- 
ministered in two sessions. During the first session subjects 
read through the printed lessons and took a series of 
tests based on the lessons. Two weeks later the aubjecte 
were tested in the second session for the retention of the 
concepts. 
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Significance of the Study 
foiowledge of the effect on "concept learning at the formal 
level of each of the three Instructional variables studied in 
the present series of experiments could have Important ImplicatlonB 
for the theory of concept learning , particularly as advanced by 
Klausmeier-s model* Moreover, by using several dependent meaeurei 
to infer concept attainment it will be possible to determine the 
effect of the Instructional variables on each of these several 
aspects of concept learning. 

The present study also has potential algnlficance for educators 
and textbook writers concerned with presenting concepts effectively 
through printed materials* The reeults of this study and other 
eitnllar etudiee ^ dealing with the effect of within--text inetructlonal 
variables on concept attainment could form the basis for a set 
of guidelinea for effective concept presentation. Such a set of 
prescriptions would be a valuable advance in the preparation of 
classroom materials, ai the current methods used are based entirely 
on anecdotal evidence | untested theories, or laboratory studies 
which are not directly applicable to the teaching iituation. 
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Chapter II 
REVIEW OF RELATED LIXEMTURE 



Teaching Concepts 
Very little work, either theoretical or empirical, has focused 
on the problem of how to teach concepts effectlvfily. The only prac- 
tical althDugh partially developed theoriei in the area are those 
advanced by Markle and Tiemann (1969) and Merrill (1971) . As these 
theoretical frameworks are directly related to the present study, 
they will be dlscusied in some detail, 

torkle and Tiemann (1969) postulate that teaching a concept 
actually involves teaching two independent behaviors. These beha- 
viors are: (1) generalising among instances of the concept class, 
and (2) discriminating instancei of the concept class from instances 
of other classes. The teaching of each o£= these behaviors according 
to Markle and Tiemann nBceasitates the use of different instruc- 
tional variables* To teach a student to generalize within a class 
or concept the student must be presented with enough examples (posi- 
tive Instances) of the concept to vary each major irrelevant attri- 
bute of the concept. Irrelevant attributes of a concept are those 
attrlbutee which may or may not be coimon to every example of the 
concept and which are not essential to defining the concept such as 
color for the concept '■balloori*" To teach a student to dieerimlnate be- 
tween concepts, however , the student must be provided with enough iion-examplee 
(negative Instances) of the concept to systematically exclude each relevant 
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attribute. Ralevant attributes of a concept are the properties 
whleh are coonon to every example of the concept and. therefore, 
are the properties which define the concept such as one pair of 
parallel sides for the concept "trapezoid." The number of exam- 
ples and non^examplee needed to insure both generalization and 
dlscrlolnatlon, which Is of course dependent upon . the number of 
relevant and irrelevant attributes of the specific concept being 
taught, is called the "rational set of teaching examples and non- 
eKamplea . " If the student is presented with the rational sec 
of both examples and non-examples, Markle and Tiemann theorise that 
he will be able to oorrectly Identify other concept examples and 
non-examples , 

When the rational set of teaching examples and non- examples 
Is not provided, Markle and Tiemann predict that the subject will 

make certain classification errors in identifying new examples 
and non-examples. These errors are: ' 

1. Ovargenerallzationi The student identlflas soma nan-^ 
eKamplee of the concept as examplei. OvergeneralizatlQn la the 
result o£ providing the student with an insufficient variety of 
non-examples , 

2. Undergineraligatlon: The student Identifies some aKamplei 
of the concept as non-^eKamplea. Undergenerallzatlon la the result 
of providing the student with an Insufficient variety of examples* 

3. Misconceptions The student identifies some non-exaniples 
as examples and some examples as non-examples. MlsconGeptlon is 
the result of providing the student with an Inaufflclent number of 



both examples and non-examples. The student is classifying on 
the basis of an irrelevant attribute, 

Unfortunately, no research has-been undertaken to specifi- 
cally validate Markle and Tlemann's hypotheses concerning the 
effectiveness of the rational set in promoting concept learning 
and the occurrence of the specified classification errors which 
result if this optimal number of teaching Instances Is not pro- 
vided. One of the purposes of the present study was to provide 
empirical data on these hypotheses by contrasting the effects 
on concept learning of providing the rational set of both 
examples and non-examples, the rational set of examples, and just 
two examples. • ' 

Merrill (1971) has proposed a method of teaching concepts 
which is similar to that of Markle and Tiemann. Merrill concurs 
that teaching examples of the concept which differ widely In 
irrelevant attributes are necessary to promote generalization. 
However, he postulates that discrimination is promoted by providing 
teaching non-examples of the concept which have irrevelant attri- 
butes Identical to those of the teaching examples. 

Some evidence for the validity of the theoretical work of both 
Markle and Tiemann and Merrill comes from the results of a study 
by Tennyson, Woolley, and Merrill (1972). Thirty-five college stu- 
dents were presented with a definition of the concept trochaic meter 
followed by 16 labeled examples and non-examples of the concept. 
Concept attainment was measured on an acquisition test requiring the 
subjects to identify 30 new examples and non-examples. 
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Three independent variables ^ere Tnanlpulated In the 
experlinenti divergency, matching j and probability. The Diver^ 
gericy variable wai developed from Merrill's (and Markle and 
Tietnann ' i) hypothesis concerning the type of positive instances 
which promote generalization * A divergent condition was defined 
as one in which the irrelevant attributes of the= positive 
instances were varied as much as possible. Similarly ^ matching 
was developed from Merrill's theory of the kind of non-examples 
which promote discrimination i A matched condition was one in 
which the teaching eKamples and non--examples had similar Irrelevant 
attributes i Probability raf erred to the difficulty of the teach- 
ing eKamples and non-^eKamples . Probability "scores" had been 
aisignad to each Instance on the basis of an "Instance probability 
analysis" in which an earlier and independent group of subjects 
had identiflad the instances as eKamples or non=aKamplas of tro- 
chalc meter based only on a concept definition^ The probability 
rating of each instance was defined as the percentage of subjects 
who had been able to correctly identify it from the deflntioni 
Subjects presented with only high probability or obvious 'teach- 
ing Instanced were eKpected to identify only obvious exaB^les on 
the acquisition test thus making many undergenarallzatlon errors* 
Conversely J aubjects presented with only low probability Items 
were expected to Qverganaralize by identifying almost every Item 
on the test as an example. 
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Through logical manipulations of the three independent variables, 
Tennyson et al , generated four treatment conditions. For each 
condition a particular outcome was hypothesized. These outcomes 
were either correct clasaiflcatlon (all positive and negative in« 
stances corractly identified) or one of the three classification 
errors postulated by Markle and Tiemann. The treatment conditions 
for the experiment were, 

li High to low probability Instances, divergent, .and 
matched. Hypothesized outcome: correct classification* 

2, Low probability instances, divergent, and not matched. 
HypotheslEed outcome i overgeneralization* 

3, High probability, divergent, and matched. Hypothesized 
outcome: undergeneralization, 

4, High to low probability, convergent, and not matched* 
Hypothesized out coma i misconception. 

The resultsv^of the experiment supported every hypothesis 
(£<.01), Of particular interest is a comparison of the outcomes 
of Conditions 1 and 4, When the teaching examples and non-eKamplas 
wpre selected according to rational criteria (Condition 1) , the 
subjects were able to correctly .classify new instances on the 
acquisition test; however, when the examples and non-examples were 
in effect randomly selected (Condition 4), the subjects were not 
able to correctly classify new instances and made both over- and 
undergeneralization classification errors. Clearly selecting teach- 

o 
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Ing Instances on the basis of rational criteria , such mm those 
advanced by Merrill and Markle and Tlemannj Is potentially an Impor 
tant instructional variable in concept learning. 

The extant research on concept learnings exclueive of that 
conducted by Merrill and hie aisociates, does not unequivocably 
support the conclualons reached by torkle and Tiemann and Merrill 
on the spsciflc use and effectiveness of eKamplee and non'^ 
examples in concept learning* These differences, along with 
possible eKplanatlonSj will be discussed in the following sec- 
tions in vhich the concept learning research dealing with the 
three independent variables fooused on in the present study 
will be reviewed, 

Niaabar ©f Poeltive Instances 
The role of positive instances in concept learning according 
to both Markle and Tiemann and Merrill is to promote gerieral- 
isation. This is accomplished by preientlng the subject with 
enough teaching eKamples to sufficiently vary the major irrelevant 
attributes of the concept. Therefore s the number of examples 
needed is directly dependent upon the concept in question. However 
the concept learning research dealing with the "optimal" number 
of positiva teaching instancee has focused primarily on an 
absolute number unrelated to any particular concept. The results 
of these studies have been inconclusive as to whether a large 
nusiber or a small nimber of examples is more facllitatlve In 
concept learning* 



Podell (1958) presented college students vith either two 
or twelve examplea of a flgural concept and Instructed thein to 
discern their cQtnmdn attributes* Later when asked to list the 
common features of the designs, the subjects who had seen twelve 
examples were able to recall significantly more relevant attributes 
than subjects who had seen only two examples, 

A study by Amster and Mafascullo (1965) yielded results nearly 
contradictory to those reported by Podell, Fourth-grade children 
were taught the concepts of set=-union and set*-lTiteractlon using 
either twelve or thirty-slK dlf £ erant examples. No difference 
was found in the number of correct responses made on a learning 
task due to the number of different examples presented ^ although 
subjects who had learned the concepts from a small number of mK- 
amples performed Blgnlf icantly better on a generallEation task 
which employed words or letters as instances of the concepts. 

Stern (1965) found. that trainini with an Intermediate number 
of examples was most beneficial. Kindergarten and first-grade 
children were presented with either three Instances of each of 
eight concepts 5 six instances of each of four concepts, or two 
Instances of twelve concepts* The intermediate number of instances 
(six instances of four concepts) facilitated transfer to both new 
Instances and new concepts for the older subjects. 

Prayer (1970) found no differences at all due to the number 
of eKamples provided* She presented geometric concepts 'to fourth 
and sixth-grade children through programed lessons ueing either 
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two or four positive Initances. After studying the lassons, the 
subject! were administered a test consisting of eleven types of 
questions related to concept learning* The level of concept ' 
maetery of subjects who had learned the concepts from two examples 
was not significantly different from that of the subjects who 
had learned the concept from four. 

■ It is likely that the differences mong the results of the 

studies dealing with the ''optimal'- number of positive instances 
are due to the fact that the niOTber of examples necessary for 
concept learning is not an absolute nimiber or merely a matter 
of being large or small. Rather j it is probable that this number 
is dependent on the specific concept Involved as both Markle and 
Tiemann and Merrill have suggested. This issue will be examined 
in part in the present series of experiments by comparing the 
effectiveness of only two positive instances with the ratignal 
set of positive instances. 

^ Number of Negative Instances 
The literature on negative Inetances has not been directly 
concerned with the "optimal" number of negative Instances necessary 
to ensure concept attainment ^ but rather with whether non^examples 
are facllltatlve at all in promoting learning , Indeed, a great 
deal of research has been undertaken to answer this question^ ands 
overall, thlp research has not shown non-examples to be facUltatlvet 
The earliest study dealing with negative Instances was 
^ reported by Smoke (1933) who used college students as subjects. 
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He contrasted the performance of subjetts who learned a concept 
from a series of labeled positive instances with the performance 
of subjects who leariiad the concept from a series of equal numbers 
of labeled positive and negative instances. Smoke found no statistical 
differences between the two groups on a nimber of dapandent measures 
and concluded that negative Instances do not, at leasts retard learning, 

Hovland (1952) crlticlzad Smoke's study by pointing otit that 
the amount of Infermation about a concept conveyed in a non-example 
is far less than that conveyed In an exampre* He argued that the 
lr4formatlon content of the two types of Instances should be 
equated in concept learning problems and developed a method to do 
this* Subsequently, Hovland and Weiss (1953) conducted a series 
of exparimsnts in which the inf ormatlon .content of the examples 
and non-eKamples was equated using Hovland *s technique. The results 
showed that signif leantly more subjects were able to solve problems 
defined by all positive Instances than those defined by all negative 
InstanceB, The percentage of iubjects solving problams defined by 
equal ratios of positive to negative instances wag at an Inter- 
mediate level* Because the information content of the instances 
was equated^ Hovland and Weigs concluded that the differences in 
Concept attainment were due to difficulties In using the informa- 
tion conveyed by negative ins tancei. 

In a recent study by Smuckler (1967) , the results of the 
Hovland and Weiss experiments were confirmed | although no attempt 
to equate the Information content of the Instancis was made. The 
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subjects j *80 secotld' gfaders, learned ^the doncept "trapezoid" from 

40 labeled teaching instances* At eight-'f Igure intervals (trials) 

throughout the series of 40 instances the subjects were tested on 

unlabeled figures. Four ratios of positive to negative Instances 

were used in the 40 teaching Instances i 100 ^ 75 , 50, and 25 per cent 

poaitive instances. The 100% positive instances condition resulted 

in a conalgtently greater percentage of correct responsei on 
intertrlal identifications as well as on a transfer task requiring 

the subjects to Identify 30 new instances of "trapezoid." 

Bourne (1966) has argued that a distinction must be made 

between concapts defined by a conjunctive rule and concepts defined 

by a disjunctive rule when evaluating the comparative utility of 

using positive and negative instances i Bourne points out that 

most of the studies dealing with negative instances have involved 

conjunctive concepts ^ that is concepts with at least two relevant 

attributes both of which must be present in every eximple. When 

the concept Is conjunctive ^ the examples simply carry more logieal 

InformatiDn about the concept then do the non-examples because 

each example defines precisely^ what the concept is* Therefore, 

their Information is more easily assimilated ^ However^ when the 

concept is disjunctive, so that an Instance is an example of the 

concept if it contains at least one of the relevant concept attributes, 

the information value of the examples and non-^exmples is reversed. 

The negative instances contain more logical concept information 

because they precieely define what the concept is not, whereas the 

positive instances merely define one aspect of what the concept is. 
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In a recent survey of the reBearch on concept learning, Clark 
(1971) has shown that the literature supports Bourne's concluaions 
about the utility of negative instances. Only five out of 25 studies 
reviewed found that a sequence of positive instances or a sequence 
of positive and negative Inetanees was more effective than a series 
of all positive instances in promoting learning when the concept 
was conjunctive, whereas four out of four studies dealing with 
disjunctive concepts concluded that a series of all negative 
instances increased concept attainment when compared to a sequence 
of all positive instances. 

A study by Huttlenlocher (1962), however, again complicates 
the issue of negative Instances. Huttenlocher contrasted the effects 
on concept learning of a series of all positive instances, all 
negative Instances, or an equal number of both positive and negative 
Instances when the concept involved had only one relevant attribute, 
therefore neither conjunctive nor disjunctLve. Contrary to other 
research, performance with a mixed series (non-examples followed by 
axamples) was found to be superior. 

Tennyson (1971) suggests that the traditional laboratory studies have 
not found negative instances to be uniformly facllitative because 
these studies have not presented negative Instances properly. He 
argues that nagative Instances only facilitate concept learning when 
they are used in a way which forces the subjects to concentrate 
on the relevant attributes of the concept. It is this function which 
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promotes discrimination ^ and it is this which the previous research 
has failed to do, Tennyson points out that one way to use negative 
Instances to focus the B^ibjects attention on the relevant attributes 
is to present examples and non-examples in a matched relationship 
(matched on irrelevant Ht^;-ributes) , the technique used in the 
Tennyaon, Woolley, and Merrill study. By matching the Instancea in 
this way the subjeqts are forced to concentrate on the relevant 
concept attributes because they are the only dlfferencea between 
the exainples and the non--examples . 

To point out the facilltative effects of the negative 
instancea in the Tennyson ^ Woolley ^ and Merrill study ^ Tennyson (1971) 
essentially replicated the Tennyson Bt^ al, experiment but eliminated 
the matching variable by using only pusitlve instances. The results 
showed that without negative instances the subjects (seventh-grade 
students) responsed randomly on the post test requiring them to 
identify new instances of the selected concept (adverb). 

The results of Tennyson 's study also lent support to Markle 
and Tiamann's position concerning the use of negative Instances In 
concept learning. For their suggesticn that negative instances be 
used to vary the relevant concept attributes does, like the Tennyson 
et a,l. matching variable, force the subject to concentrate on the 
relevant attributes of the concept as exemplified in the positive 
instances* The utility of non-exmples in the Markle and Tiemann 
paradigm was specifically studied In the present experiment by com= 
paring the effects of 'prasenting the rational set of both positive 
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and negative Instancies ^^th the effects of pregenting only the 
rational set of positive instances. 

Concept Definition 
The definition of a concept can be looked upon as a list of 

the relevant attributes of the concept and the rule by which they are com-- 
bined. Thus the definition conveys the same information as an example of 
a conjunctive concept; it states precisely what the concept is. But 
the definition also carries additional information in that by 
omission it states what the concept is not. It is reasonable to 
assume j therefore, that presenting a eoncept definition in terms 
-of relevant attributes and the rule by which they are combined is 
potentially a powerful instructional variable in effecting concept 
attainments 

In a study by toderion and Kulhavy (1972) it was shown that 
a high degree of concept attainment results froin merely presenting 
the concept definition. Subjects (college students) were provided 
with one=senUenne definitions of unfamiliar concepts and instructed 
to use the definitions to correctly Identify examples of these 
concepts on a multiple choice test. Subjects in a control condition 
also took the test but were not provided with the concept definitions. 
The error rate of the group without definitions was 71*3Z, while 
that of the group with definitions was 7,0%, 

Merrill and Tennyson (1971) in a study employing the same 
experimental paradipi used in the Tennyson et al^ experliaent found 
that concept definitions facilitate learning even when labeled poil- 
^ tive and negative instances are also given. Subjects provided with 
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teaching examples and non-examples and a concept definition perfdrmed 
significantly better than subjects provided only with examples and 
non*-examples , 

Both the Anderson and Kulhavy study and the Tennyson study 
Indicate that the presence of a concept definition is highly facillta 
tive* The study by Prayer (1970) suggests further that the effect 
of providing a definition may be powerful enough to eliminate any 
differential effects due to the number of instances provided* She 
found no significant differences between subjects provided with a 
concept definition and four instances (two negative and two posi- 
tive) and subjects provided with a definition and eight instances 
(four negative and four positive). However^ no other research 
dealing with the effect of a concept definition when presented with 
various numbers of teaching examples and non-examples has been 
reported. One of the purposes of the present study was to Inveotl^ 
gate this variable. The effect of presenting a definition with the 
rational set of both positive and negative instances was compared 
to (1) the effect of presenting a definition with the rational set 
of positive instances 5 and (2) the effect of presenting a definition 
with just two positive instances. It was hypothesised that the 
concept definition would be so facllltative that varying the number 
of teaching instances would have no significant effect on concept 
learning. 

Emphasis of Relevant Attributes 
The use of verbal cues to draw attention to the relevant 
attributes of concept examples has repeatedly been shotm to facill- 
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cate concept learning. Gelfand (1958) had three groups of college 
students memorize lists of words prior to a concept Identification 
test. One group of subjects meinorlzed words describing the relevant 
attributes of the concept, another words describing the Irrelevant 
attributes, and a third neutral words unrelated to the concept. 
Performance on the identification task was significantly better for 
subjects who had memorized the liat of words describing the 
relevant attributes of the conuept. 

Wittrock, Keislar, and Stern (1964) Investigated the effects 
on concept Identification of providing general, class, or specific 
cues during a training period* The subjects were kindergarten 
children who had previously been taught a hierai chy of 
verbal associations over a three=month period. Th# word "article" 
had been associated with the words La and Le, each of which had 
In turn been associated with six French nouns. The concept identic 
ficatlon task involved pictures of these twelve nouns. The subjects' 
task was to match one of two pictures with a model picture on the 
basis of the French name for the model. During the task=tralning 
period involving pictures of only six of the nouns, the subjects 
were either (1) told that the "article" was the basis for matching 
(general cue), (2) given the specific article which was the basis 
for the matching (class cue), (3) given the French name of both the 
model and the matching picture (specific cue), or (4) supplied with 
no cue at all. Subjects who had been given class cues during 
training performed significantly better on iiranediate transfer p delayed 
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transfer, and retention tests (Involving the remaining six pictures 
or different combinations of the picturei used In training) than 
subjecte given general cues, specific cues, or no cues. 

The presence or absence of a verbal cue drawing attention to 

relevant concept attributes was also one of the variables investl^ 
gated by Remstad (1969) * He presented examples with either the 

concept's name or the name and a one word clue referring to a 

relevant attribute. The presence of single word cues greatly 

increased performance on a transfer task. 

Frayer (1970) used attention directing and review questions 
to focus the subjects C4th and 6th graders) attention on the relevant 

concept attributes* She found that emphasis of relevant attributes 
significantly increased overall concept mastery for fourth graders. 
Additionally, recognltidn and production of attribute names for 
4th graders and recognition of attribute names for 6th graders 
Increased significantly when relevant attributes were emphaslEed. 

In the Merrill and Tennyson (1971) study, attention was drawn 
to relevant attributes by Identifying the relevant attributes in 
each eKample of the concept and the abeence of the relevant attri- 
butes in each non-^example, Merrill and Tennyson found this to be 
a very powerful variable. The error rate on a transfer task dropped 
significantly when positive and negative Instances were presented 
with erophasls. 

In summary, emphasizing relevant attributes by using attention 
directing verbal cues has conslitently facilitated concept learning. 
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In the present study the "strength" of this facllltatlve effect 
was Investigated by determining whether emphasis significantly Iraprov 
concept attalmnent when a definition and the rational set o£ both 
examples and non=eKMples are also provided. 



Chapter III 
DEVELOPMENT OF INSTRUCTIONM. MATERIALS AND 
DEPENDENT JCEASURES 

Thraa geometric concepts were chosen as the subject 
matter for the present study. They' were bilateral symmetry ^ 
rotational sjomnatry, and translational synmetry. These 
concepts were aelected for the following reasons i they have 
perceptible instances and easily specifiable relevant and 
irrelevant attributes | they are related concepts | they were 
considered of appropriate difficulty for sixth-grade students 
by mathematlci curriculum developers working at the Wisconsin 
Research and Development Center; and a review of the fifth- and 
elxth-grade mathematics texts currently In use revealed that 
they were rarely covered in the normal curriculum. 

Each of the three concepts was analyzed by specifying 
for each relevant and irrelevant attrlbuteF^ a definition, coor- 
dinate and supraordlnate concepts ^ and a large variety of 
examples and non-examples. Care was taken to insure that several 
rational sets of examples and non-examples as defined by Markle 
and Tleraann (1969) were Included among the positive and negative 
Instances generated for each concept. 
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Instance Probability Analysis 

An Instance probability analysis Csimilar to that de- 
scribed by Tennyson et al. , (1972) was undertaken to provide 
data on the Information content or "obviousness" of each of 
the examples and non-examples generated for the three concepts 
The results of the analysis were used to select examples and 
non-examples for inclusion in the lessons and tests used in 
the present series of experiments. 

Sub j acts 

The subjects were 111 sixth-grade students. They com- 
prised the entire sixth-grade population of a middle school 
in Lake Mills, Wisconsin. 

Materials 

The materials consisted of two parallel forms of the same 
test (instance probability analysis) . Approximately one half 
of the subjects were given each form. 

The test was divided into three sections, one dealing 
with each of the three experxmental concepts (bilateral, rota- 
tional, and translatlonal symffietry) . In each section the 
definition of the concept was presented, followed by an array 
of figures which were eithBr examples or non-examplas 
.of the concept. Beneath each figure were printed the words 
"yes'-' and "no." • ' 
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Included in each test booklet before the test itself 
were a numbered list of words used in the test which the 
experimenter felt might be unfamiliar to the subjects and a 
sample item dealing with the concept "food," The instructions 
for the sample item were identical to those used in the actual 
test- 

Procedure 

The subjects' task on all three parts of the test and on 
the sample item was to read the definition of the concept pre- 
sented and then on the basis of the definition to decide which 
of the figures following it were examples of the concept and 
which were not. The subjects were Instructed to circle the word 
"yes" beneath each figure which they thought was an example of the 
concept and to circle the word "no" beneath each figure which 
they thought was not an example. 

Prior to actual testing the eKperimenter went over the 
numbered word list and the sample item with the subjects. In 
reviewing the word list, the experimenter began by askings "Do 

you see the word ~ listed here?" After several subjects 

Indicated that they saw the word the experimenter said, "What 
number is it?" The experimenter waited until most of the subjects 
had located the word and then called on one subject to give the 
number of the word. The experimenter and the subjects then pro- 
nounced the word together. The entire procedure was then repeated 
until each word on the list had bfeen covered* « 
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Results 

The probability of each Instance being correctly Identi- 
fied was determined by calculating the percentage of aubjects 
who had correctly identified it as either an example or a non^ 
axample of the concept. The resulting "probability rating" for 
each instance was Interpreted as a measure of that instance's 
"obviousness"! that is, how apparent it was to the subjects that 
the instance was or was not an example of the concept defined. 

The analysis resulted in a range of probabilities for both 
positive and negative inatances. The mean probability rating 
for both types of instances on all three concepts was approxi- 
mately *70* 

The probability ratings were used to select examples and 
non-examples for the lessons and tests according to the fol- 
lowing criteria! 

(1) Only instances with probability ratings near the 
mean were selected for the concept learning 
lessons* This insured that the "obviousness" 

of the Instances was held constant across les- 
sons and conditions* 

(2) Instances representing a range of probabilities 
were selected for the mastery tests. This was 
done because it was felt that subjects who had 
mastered the concepts should be able to Identify 
instances along the entAre continuum of "obviousness 
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Lesson and Test Construction 

Lessons 

Based on the concept analyses and the results of the 
probability analysis, three basic lessons (Appendix A) were 
constructed to teach the selected geometric concepts* Lesson I 
dealt with bilateral symmetry , Lesson II with rotational symmetry , 
and Lesson III with translatlonal symmetry. The basic lesson 
for each concept consisted of a concept definition, a rational 
set of both examples and non^-examples , and emphasis of the con-- 
cept's relevant attribute values. Relevant attribute values were 
emphasized by pointing out their presence In each example and 
their absence In each non-example. Variations in the set of basic 
lessons constituted che treatment conditions for each of the 
three experiments. 

Tests . 

Five tests (Tests I-^V, presented in Appendix B) were constructed 
and used in each of the three experiments* The tests were designed 
to assess concept learning at the fprmsl level by measuring three 
of the behaviors from which concept attainment at this level can 
be inferred. These behaviors were correct classification of 
previously unencountered ex^^mples and non-examples , recognition 
of concept definitionii and knowledge of relationships among 
concepts. Errors made in identifying examples and non-examples 
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were also tabulated and classified as either over=generallzatlon 
or undergenerallzatlon errors. This classification constituted 
a fourth and fifth dependent variable* 

Teat I was based on Leeson I, Test II on Lesson II ^ and 
Test III on Lesson III, Each of. Tests I-III was constructed 
in two parts. Part I required the subjects to identify 20 new 
concept examples and non-examples , and Part II was a multiple 
choice iLetn requiring the subject to select the correct concept 
definition from among four alternative definitions. Test IV 
was a comprehensive test covering the material presented in all 
of the lessons and it also was constructed in two parts* Pait I 
consisted of nine items each of which required the subjects td 
determine whether the item was an example or a non-example of^ each 
of the three concepts presented* This part of Test IV was designed 
to measure the subjects' knowledge of the relationships among 
the conceptg* Part II was a matching item requiring the subjects 
to match each of the three concepts with its definition* Test V 
was designed to be used as a measure of retention and consisted 
of Part I from each of Tests I-III (identification items) and 
Part IX of Test IV (matchlng-def Inition item) , 

Pilot Study 

There were three purposes for conducting the pilot study. 
The first was to determine the appropriateness of the instruc- 
tional materials for sixth-grade students. The second was to 
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evaluate the quality and clarity of the lessons, tests, and 
experimenter's instructions to the subjects. The third was 
to obtain estimates of the time required to administer the 
materials. Rather than using all of the variations of the 
concept learning lessons needed for the main studies ^ only the 
smt of basic lessons was uied in the pilot. 

Subjects 



The subjects were 25 sixth-grade students* They constitut 
an entire classroom in an elementary school in Menomonee Falls ^ 
Wisconsin. The classroom of students was chosen at random from 
among five elKth-grade classrooms In the school. 

Materials 

Thm materials consisted of basic Lessons and 
Testa I--1V. Included in the booklet for Lesson I was a list 
of the difficult words contained in the three lessons. A sam-* 
pie item for Part I of Test IV (relational items) was Included 
in the test booklet to Insure that the subjects understood 
the instructions for this part of the test. 

Procedure 

The list of difficult words was reviewed in a manner 
similar to that used in the Instance probability analysis. 
Subjects then read the lessons In order ^ taking each of Tests 
I-III innnedlately after completing the lesson upon which it 
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was based » After all of the lessons and their accompanying 
tests had been completed^ Test IV was administered* 

Results 

The time required to complete the series of lessons and 
teste was approKlmately 45 minutes. Ambiguities and other 
difficulties with the materials and the experimenter's In- 
structions to the subjects were noted and used as a basis for 
minor revisions. 

Mean error rates were calculated for each test. 
They were! 17%-Test I; 25%^Test II; 26%-Test III; and SlMest 
IV, On the basis of this data it was concluded that the lesions 
and tests were suitable for sixth-grade students. Although the 
error^ rate for Test IV was high, it was nevertheless decided that 
the test be used in the main studies with only minor revislona 
as any attempt to make the test easier would have required radical 
changes in the item types. 



Chapter IV 
KETHOD 

E^rperlment I 

The purpose of Expariment I was to determine the effect of 
the number of teaching instances presented on concept learning 
when the concept itself is not defined. There were four eKperl- 
mental conditions i 

Condition 1 : Concept lessons containing the rational 

set of both examples and non--examples , 

Condition 2 i Concept lessons containing the rational 

set of examples only. 

Condition j^ : Concept lessons containing two examples* 
Condition 4 i Control conditloni placebo lessons. 
The dependent measures used to assess concept learning were 
(1) correct classification of examples and tion--examplas' (2) rec 
ognitipn of concept deflnltlone; (3) knowledge of relatlonBhips 
among concepts i (4) overgenerallEation classification errors j 
and (5) undergenerallzatlon classification errors* 



32 



33 



Markle and Tiemann (1969) have postulated that providing 
the rational set of teaching exmples and non-exainples will assure 
concept attainment, at least as measured by the ability to correctly 
classify concept instances. Moreover, they predict that subjects 
will inake OvergenerallzatlQn errors if the rational set of non- 
eKamples ±m not provided, and misconception errors (both over^ 
and undergeneralization errors) if neither the rational set of 
examples or non^examples is provided. Based on these predictions 
and the other relevant literature reviewed earlier, the following 
results were hypothesized for Experiment I| 

CD The ordering of the condition means on the dependent 
variables of correct classification of instances, 
recognition of definitions, and knowledge of re- 
lationships among concepts would bei Condition 1 > 
Condition 2 > Condition 3 > Condition 4* 
(2) Providing pnly the rational set of examples would 
result in significantly more overgeneraliEatlon 
errors than providing the rational set of both 
examples and non--examples* 

Subjects 

Subjects were 96 siKth-grade students. They attended the 
same public eleinentary school In Menomonee Palis, Wisconsin as 
the subjects who participated in the pilot study, Sub^ 
Jects for Experiment I comprised the four slKth^grade 
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classes In the eehool which had not taken part in the pilot* 
The subjects were stratified into three groups on the basis of 
raading achievement scores on the Iowa Tests of Basic Skills 
which was admlniotered during the fall of the school year. 
Seventeen subjects were lost due to absence or because they had 
no reading achievement score , The final sample consisted of 79 
subjects* 

Materials 

Lessons ^ Three versions of the basic series of lessons 
used in the pilot study and three placebo lessons were used in 
EKperiment 1. The three versions of the basic lessons varied 
according to the number of teaching eKamples and non-examples 
of the concepts which were presented* This variation in the 
lesaotLS constituted the experimental treatmants* In all cases 
the same Instances which had been employed in the pilot study 
lessons were used* When fewer than the number of InstanGes 
used in the pilot study were needed , that number was randomly 
selected from those used in the pilot* The placebo lessons 
dealt with the environmental concepts of populations habitat 
and community* The content of the lessons for each condition 
is presented in Table 1, 

Tests * Test I-IV (with minor revisions based on the results 
of the pilot study) and Test V were used in Experiment I* 
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Table 1 



Content of Lessons for Each 
EKperimental Condition 
Experiment I 



Treatment 
Lessons 



Bilateral 
Synmetry 



II 

Rotational 
Synmietry 



III 

Translational 
SyBmaetry 



Treatment Conditions 



rational set 
of eKamples and 
non-examples 



rational set 
of examples and 
non-^eKamp 1 e s 



rational set 
of eKamples and 
non-- examp lea 



ratlcnal set 
of examples 



rational set 
of eKamples 



Two examples 



Control 



placebo lesson 
(population) 



Two examples 



rational set 
of examples 



Two examples 



placebo lesson 
Chabltat) 



placebo lesson 
(coTmnunlty) 
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Procedure 

Prior to experimentation, subjects were randomly assigned 
within stratification levels to a treatment condition or the 
control group- Sets of the three concept lessons for each 
condition were then prepackaged and labeled with the subjecta' 
names to ensure that each subject received the lessons appro^ 
prlate to the ejcperimental condition to which he had been 
assigned. 

The materials were administered In two experimental ses^ 
slons. At the beginning of the first session general Instruc-^ 
tions (Appendix C) concerning the purpose of the study and 
the procedures to be followed were read to the subjects ^ and 
the list of difficult words was reviewed in a manner similar 
to that used in the instance probability analysis. Subjects were 
then Instructed to begin reading Lesson 1 and to raise their 
hands when they had finished* As each subject finished ^ an ex- 
perimenter collected Lesson 1 and passed out Test 1, When 
subjects finished Test I, they handed it to an experimenter and 
began reading Lesson II* The entire procedure was then repeated 
for Lesson II and Test II, and then for Lfesson III and Test III, 
When all of the subjects had finished Test III, Test IV was dis- 
tributed. 

Subjects were permitted to work on the lessons and tests 
for as long as they wished. The time needed ranged from 35 to 
45 minutes. While the subjects were working the eKperlmenter 
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answered queatlona dealing with the pronunciation of words and 
also clarified directions. 

The second experimental session took place exactly two 
weeks after the initial session. At this time Test V was ad- 
ministered* The experimenter first read a set of brief instruct 
tions (Appendix D) and then allowed the subjects to work through 
the test at their own rate. Time needed to complete Test V 
ranged from 10 to 20 minutes. 

Ex perimental Design 

The experiment employed a 3 x 4 factorial design with 
three levels of reading achievement and four types of lessons . 
The number of subjects In each cell o£ the design Is shown In 
Table 2. 

Experiment II 

As discussed previously^ studies by Anderson and Kulhavy 
(1972) and Merrill and Tennyson (1971) have shown that the 
presentation o£ a concept definition facilitates learning. 
The study by Fraysr (1970) suggegts further that any potential 
differences in concept attainment due to the number of initancefl 
provided are negated if a concept definition is also given. 
The purpose of Ixperlment II was to determine specifically 
whether the number of teaching Instancei presented hfs an effect 
on concept learning if a definition of ^ the concept is also pro- 
vided* It was essentially a replication of Experiment I with 
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labia 2 





of Subjects 


In Each 


Cell 




of 


Experimental Design 
Experlmen.t I 






Stratification 




Conditions 




Leveia 


1 


2 


3 


4 




1 

(low scores) 


7 


6 


7 


7 


2 

(medium scores) 


7 


6 


6 


8 


3 

(high scores) 


6 


7 


7 


5 




Totals 


20 


19 


20 


20 
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the addition of concept definitions in each condition. The 
dependent measures used to assess concept learning were identical 
to those used In EKperiment I. The experlniental conditions for 
Experiment II werei ^ 

Condition 1; Concept lessons containing the rational 
set of both examples and non=essmples with definitions 
of the concepts. 

Condition 2f Concept lessons containing the rational 
set of exmples with definitions of the concepts* 
Condition 3i Concept lessons containing two examples 
with definitions of the concepts. 

Condition 4 1 Control condition; placebo lessons, 
. Based primarily on Frayer's findings, the following results 
were hypothesized for Experiment III 

(1) Condition 1, Condition 2, and Condition 3 would 
each result in significantly better performance 
than Condition 4 on the dependent variables of 
correct classification of instances, recognition 
of definitions, and knowledge of relationships 
among concepts, 
(2) There would be no significant differences among 

Condltlone 1, 2, and 3 on any of the five dependent 
variables. 
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Subiects 

The initial sample consisted of 118 slxth^grade students 
from four public elementary schools in a rural Midwestern 
conimunity. The subjects were divided into three groups on 
the basis of their reading achievement scores on the Iowa 
Tests of Basic Skills which was administered during the fall 
of the school year. Seven subjects were dropped from the 
analysis due to absence or because they lacked a reading ach= 
ievement score. The final sample consisted of 111 subjects • 

Materials 

Lessons. Tlte lessons consisted of three sets of treatment 
lessons and one set of three placebo lessons. The treatment 
lessons were identical to those used in Experiment I with the 
exception that they contained definitions of the concepts. 
Variations among the sets of lessons due to differences in the 
number of teaching instances constituted the eKperimental treat- 
ments. The three placebo lessons dealt with the concepts of 
number system, Roman numerals, and geometry. The content of the 
lessons for each condition is prf»sented In Table 3. 

Te^. Teats I-^V were used in Experiment II. The content 
of the tests was identical to the cDritent of th^ tests used in 
Experiment I with the exception of ono Item on Test III which 
was changed slightly to enhance' clarity* 
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Table 3 



Content of LessDns for Each 
EKperlmental Condition 
Experiinent IX 



Treatment 
Lessona 


Treatment Conditions 


Control 




1 


2 


3 


4 








/ I ^ 










Bilateral 
Symmetry 


rational set 
of examples and 
non- examples 
with concept 
definition 


rational set 
of aKamples 
with concapt 
definition 


two examples 
with concept 
definition 


placebo lesson 
(number eysteme) 


II 










Rotational 
Synimetry 


rational set 
of examples and 
no n examp 1 e a 
with concept 
definition 


rational set 
of examplas 
with concept 
definition 


two examples 
with concapt 
definition 


placebo lesson 
(Roman Numerals) 


III 










Translational 
Symmetry 


rational set 
of examples and 
non^examples 
with concapt 
definition 


rational set 
of exaTnples 
with concept 
definition 


two examples 
with concept 
definition 


placebo lesson 
(geometry) 
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Procedure 

As in EKperiment 1 the subjects were randomly assigned 
within stratification levels to a treatment condition or the 
control group p Prepackaged sets of the three lessons for each 
condition were then labeled with the subjects' names to insure 
that each subject reGelved the lessons appropriate to the ex- 
perimental condition to which he had been assigned * 

The procedure followed in adrainis taring the materials was 
essentially identical to the procedure followed in Experiment I. 
The materials were again administered in two experimental sessions 
However^ to simplify the experimenters- task of simultaneously 
collecting, distributing 5 and organizing materials during the 
initial experimental session, all tests were collected simultan- 
eously at the end of the session * Subjects were not pemltted 
to look back at tests which they had completed, Tlma needed 
to complete the materials administered in the initial session 
ranged from 35 to 50 minutes. Time needed to complete the re-- 
tention test (Test V) administered in the second session ranged 
from 10 to 20 minutes* 

Experimental Design 

The experiment employed a 3 x 4 factorial design with 
three levels of reading achievement and four types of lessons* 
The number of subjects in each cell of the design is shown in 
Table 4. 



Table 4 



Number 
of 


of Subjects in Each Cell 
Expiirimental Design 
EKperlinent II 




Stratlficatiori 


Conditions 




Levels 


1 2 3 


4 




1 

(low e cores) 


8 9 7 


10 
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Experiment III 
The primary purpose of Experiment III was to deterffline 
the effect on concept learning of erophaslzing the relevant 
attributes of the concept when both a definition of the concept 
and the rational set of teaching examples and non-examples are 
alsq presented. The dependent measures used to aeseso concept 
learning were identical to those used in Experiments I and II* 
The experimental conditions were* 

Condition 1 ^ Concept lessons containing the rational 

set of both examples and non^examples * 

Condition 2 : Concept lessons containing the rational 

set of both examples and non-examples with concept 

definitions. 

Condition 3 t Concept lessons containing the rational 
set of both examples and non=examples with concept 
definitions and emphasis of relevant attributes. 
Condition 4 : Control Gonditloni placebo lessons. 
The use of verbal cues to draw attention to relevant concept 
attributes has consistently been shown to facilitate concept 
learning (Frayer, 1970; Gelfand, 1958| Remstad, 1969| Wittrock, 
Keislar, & Stern, 1964). Additionally, studies by Anderson 
and Kulhavy (1972) and Merrill and Tennyson (1971) Indicate that 
the presentation of a definition is also a powerful instructional 
variable. Based on the findings of these studies, the following 
results were hypothealEed for Experiment III; 
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(1) The ordering of the condition means on the dependent 
variableg of correct classification of instances, 
racognitlon of definitions, and Imowledge of relations- 
ships among concepts would bei Condition 3 > Condition 
2 > Condition 1 > Condition 4* 

Subj acts 

The original sample consisted of 102 sixth^-grade students* 
They attended four public elementary schools located in the 
same rural Mldweatern conmiunity in which Experiment ll was con-- 
ducted. The. subjects were initially divided into three strati- 
fication levels on the basis of their reading achievement Bcorei 
on the Iowa Tests of Basis Skills which was administered during 
the beginnning of the school year. Two subjects were dropped 
from the analysis due to absence or because they lacked a reading 
achievement score , The final sample consisted of 100 subjects. 

Materials 

Lessons * ^he lessons consisted of three sets of treatment 
lessons and one set of three placebo lessons- The sets of treat-- 
ment lessons were all versions of the basic lessons used in the 
pilot study. Variations in these lessons constituted the 
perimental treatments. The lessons for Condition 3 contained 
the rational set of positive and negative instances, concept 
definitions, and emphasis of relevant attribute values. These 
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lessons were essentially identical to those used In the pilot . 
Lessons for Condition 2 containad the rational set of positive 
and negative instances and concept definitions* Lessons for 
Condition 1 contained only the rational set of positive and 
negative instances* The placebo lessons read by the control group 
were identical to those used in Experiment XI* The content of the 
lessons for each condition is outlined in Table 5* 

Tests , Tests I=V were used in Experiment III. The content 
of the tests was identical to the content of the tests used in 
Experiment II, 

Procedure 

^ As in Experiments II and III5 the subjects were randomly 
assigned within stratification levels to' a treatment condition 
or the control group prior to experimentation* Prepackaged 
sets of the three lessons for each of the four conditions 
were then labeled with the subjects' names to insure that each 
subject received the lessons appropriate to the experimental 
condition to which he had been assigned* 

The procedure followed in administering the experimental 
materials was Identical to that followed In Experiment II* 
Time needed to complete the materials administered in the first 
experimental session ranged from 35 to 50 minutes* Time needed 
to complete the retention test (Test V) administered in the 
second experimental session ranged from 10 to 20 minutes* 
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Table 5 



Content of Leasons for Each 
Experimental Condition 
Experiinent 111 



Treatment 










Lessons 


Treatment Conditions 




Control 




1 


2 


3 


4 








1 










Bilateral 


rational set 


rational set 


rational set 


plaeabo 


Synmietry 


of examples and 


of examples and 


of examples 


lesson 




no n-- examp 1 e s 


non=examples with 


and non-exam- 


(number 






coneapt definition 


ples with con-" 
cept definition 
and emphasis 


systems) 


II 










Rotational 


rational set 


rational set 


rational set 


placebo 


Symnietry 


of examples and 


of examples and 


of examples 


lesson 




non=examples 


non^examples with 


and non=exam= 


(Roman 






concept definition 


plei; with con- 
cept definition 
and emphasis 


numerali) 


IIII 










Translat ional 


rational set 


rational set 


rational set 


placebo 


Symmetry 


of examples and 


of examples and 


of examples 


lesson 




non--examples 


non-^examples with 
concept definition 


and non^exam- 
pies with con- 
cept definition 
and emphasis 


(geometry) 



48 



Ea^erlmental Design 

The eKperlment employed a 3 k 4 factorial design with 
three levels of reading achievement and four types of lessons* 
The number of subjects In each cell of the design Is shomi in 
Table 6, 



Table 6 



Number of Subjects in Each Cell 
of Experimental Design 
EKperiment III 



Stratification 




Conditions 




Levels 


1 


2 3 







1 

(low scores) 8 12 



2 

(medium scores) 8 8 6 



3 

(high scores) 8 8 10 



Totals 24 28 24 24 



Chapter V 
RESULTS 



Standardlzatibn Procedure for Experiments Ij 11, and 111 
An overall score on each of the dependent variables (correct 
classification of instances , recognition of definitions, knowledge 
of relationships among concepts , ovargenerallEation errors ^ and 
undergeneraliEation errors) was calculated for every subject from 
Tests I=1V* These scores constituted measures of Immediate concept 
acquisition. For the variables of correct classification of 
instances 5 recognition of definitions 5 and over- and undergeneraliza= 
tion errors 5 calculation of an overall score necessitated combining 
scores across .tests. To eliminate the possibility of differences 
due to individual test difficulty or variability , scores for these 
variables were first converted to standard scores within each test 
and then auraned across testa to yield one score for each variable. 

The results of the retention test (Test V) were analyzed 
separately from the results of Tests I-IV. The first three sections 
of Test V5 each of which dealt with the identification of instances 
of one of the three geometric concepts (bilateral ajroaetry — Section A; 
rotational BytmBtvy ~ Section Bj and translational symmetry — Section C) , 
were first converted to standard scores within concept and then 

50 ^ 
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combined to form one retention measure for the variables of 
correct classification of instances ^ over-* and undergeneralization 
errors . 

The means (raw scores) and standard deviations for each part of 
Tests I-V are Included (for each experiment) as Appendix E. They are 
presented. by condition and stratification level. 

ExperlTnent I 

The two specific hypothesas tested In Experiment I were: 
(1) that the ordering of the condition means on the dependent 
variables of correct classification of instances * recognition of 
definitions, and knowledge of relationchips among concepts would bei 
Condition 1 (leesons containing the rational set of both examples 
and non-examples) > Condition 2 (lessons containing the rational set 
of examples only) > Condition 3 (lessons containing just two examples) > 
Condition 4 (control); and (2) that providing the rational set of 
examples would result in significantly more ovargeneralization errors 
than providing the rational set of both examples and non-examples* 

A 3 X 4 analysis of variance (three levels of stratifica- 
tion and four levels of type of lesson) was performed on the data 
for each of the five dependent variables. When the main effect 
for condition was found to be significant ^ all palrwlse com-" 
parlsons among the means were tested using the method developed 
by Tukey (Meyers, 1966), As the cell alEes were unequal , an 
approximate critical value based on the harmonic mean was used 
In the comparisons. All comparisons were tested at the ,05 sig- 
nificance level. Although pairwiee Tukey comparisons were not 
carried out in cases where the analysis of variance showed no . 
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significant condition effects, the ordering of the condition means 
will be reported for the reader's information. The means for 
each condition by stratification level and the results of the 
analyses of variance are presented in Tables 7 and 8 for 
immediate acquisition and in Tables 9 and 10 for retention. 
Correct Classification of Instances 

Immediate AcquisitiQn . The results of the analysis of 
variance showed a signficant main effect for both conditions 
(F^3,2099, p<.0285) and stratification levels (F^13,6S25s p<*0001)** 
The condition x stratification interaction was not signficant. 

The ordering of the condition means was i Condition 1 > Con= 
dition 3 > Condition 2 > Condition 4, This was not in the pre-- 
dieted direction* However s using Tukey^s procedure, only the 
difference between the mean for subjects who read lessons 
containing the rational set of both examples and non-examples 
(Condition 1) and the mean for the control subjects (Condition 4) 
was found to be signficant (^<.05)* Thus^ providing the rational 
sat of both examples and non--exmples was necessary for concept 
learning to occur as measured by the siTr jects' ability to identify 
new instances- . ' 

Retention , The results of the analysis of variance showed 
that the main effect for stratification was significant (F"15.1087* 
p<.0001)i Howeverg neither the condition effect nor the inter- 
action was significant* An examination of the condition .means 
shows the ordering was not in the predicted directions Condition 2 > 
Condition 1 > Condition 3 > Condition 4. 

*The means for stratification level showed that good readers 
performed better than poorer readers • This finding was consistent 
across all experimante whenever a significant stratification effect 
was found and will not be mentioned again* 



Table 7 

Experiment I 
Condition Means by Stratification Level 
for all Dependent Variables 
Imnediate Acquisition 
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1 Dependent ' 


Variables 


1 


2 


3 


4 








Condition Means 




t» Correct Class 


Strat .Levels 
1 


0. 6696 


-0.7234 


-1.4107 


=1,7504 


1 of Instances 


2 


-0.6381 


-0.9709 


-0.5156 


-0.4763 


1 (z scores) 


3 


2.9194 


0.5447 


2.2961 


0.3167 


j MSB ^ 3.1199 


Means over 
strat » Isvels 


0.8869 


-0.3344 


0.1552 


U a f £.H\J 




Strat .Levels 










C. Recog. of 


1 


0.4008 


-1.6575 


-0.0453 


=-1 • LdZI 


1 Ho F ^ -ri 

1 jJci. in • 


2 


-1.0408 


0.4857 


-1.5988 


- ,1136 


1 (z scores) 


3 


2.2262 


0.9527 


0.7034 


1,1172 


MSE ^ 4.. 0347 


Means over 
strat . levels 


0.4439 


-0.0190 


-0.2493 






Strat .levels 










p. Knowl, of 


1 


2 .4286 


2.1667 


1.4286 


1*2857 


J KeiaCt 


2 


2.0000 


2.0000 


1.6667 


1.7500 




3 


3.0000 


2.2857 


3.1429 


2,2000 


MSE ^ 1,3374 


Means over 
strat . level ^ 


2.4500 


2.1579 


2.1000 


1, 7000 




strat. Levels 










|4 . Overgen . 


1 


0.6039 


0.8126 


1.0047 


1,0217 


j Errors 


2 


-0.1076 


1.'7898 


-0.2689 


=0,1292 


j (z scores) 


3 


-1.8804 


-0.2452 


-2.5064 


-0 m S7 1 


MSE ^ 3.7198 


Means over 
strat. levels 


-0.3904 


0.7315 


-0.6063 


0.3021 , 




Strat, Levels 










5. Undergen. 


1 


-1.3925 


-0.0646 


1.2918 


1.6185 


Errors 


2 


1.1812 


-0.6322 


1.0933 


0.9717 


(z scores) 


3 


-2.5231 


-0.4227 ■ 


-1.2103 


-0.4954 


MSE m 3*8378 i 


Means over 
itrat. levels - 


-0.8309 


-0.3758 


0.3566 


0.8313 
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Table 8 



Experiment I, Analyses of Variance for 
Inmediate Acquisition Data 



Variable 


Source 


df 


MS 




F 


P< 




Condition 


3 


10.0144 


3 


.2099 


.0285 


Correct Class, 


Strat. 


2 


42.5944 


13 


.6525 


.0001 


of InsCancBs 


t. X S 

Error 


6 

o7 


tf.SlSl 

3. 1199 


1 


,4472 


. 2100 


Racog, of 
Defln* 


Condition 
Stjrat p 

C K S 
Error 


3 
2 
6 
67 


2.5392 
28.4872 
6.0082 
4.0347 


7 
1 


.6293 
.0605 
.4891 


.5987 
.0017 
.1954 




Condition 


3 


1.7583 


1, 


,3147 


.2770 


Know! , of 


Strat . 


2 


5.6093 


4, 


.1940 


.0193 


Relat . 


C K S 
Error 


6 
67 


1,0434 

1.3374 . 




,7801 


.5885 




Condition 


3 


7.4639 


2. 


0065 


.1214 


Over g an. 


Strat, 


2 


30.3651 


8. 


,1632 


.0007 


Errors 


C K S 

Error 


6 
67 


3.8747 
3.7198 


1, 


0417 


.4066 




Condition 


3 


10.9516 


2. 


8536 


.0437 


Undergeni 


Strat* 


2 


23.9371 


6. 


2372 


.0033 


Errors 


C X S 
Error 


6 
67 


6.7843 
3.8378 


1. 


7678 


.1192 


Note i "Analyses 


are based on 


unequal 


n's, ■ 
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Table 9 

Experiment I. Condition Means by Stratification 
Level for all Dependent Variables 
Retention 



Condition Means 



Dependent Variables 


1 


2 


3 


4 


1# Correct Class - 
of Instances 
(z scores) 
MSE ^ 3.2130 


Strat .Levels 
1 

2 
3 


0.4432 

-1.0830 

1,3829 


-0.1813 
-0.4057 

2.2446 


-1.0201 
-0.7744 

1.9182 


-1.4638 
-1.5256 

0.9622 


Means over 
strat . levels 


0.1910 


0.6416 


0 . 0820 


-n 8R?n 


2, Recog. of 
Defin. 

MSB ^ 0.6647 


Strat .Levels 
1 

2 

3 


n /. n o d. 

0.5714 
0.6667 


0.5000 
1.1667 
1.5714 


0.1429 
0.5000 
0,8571 


0.4286 

1.000 

0.8000 


Means over 
strat . levels 


0,5500 


1.1051 




n 7^nn 

U • / D\JU 


4t Overgen. 
Errors 
(z scores) 
MSE ^ 4.6025 


Strat*Levels 

1 

2 

3 


-0 , 1826 
0.2710 
-0.5687 


0.9102 
0.7870 
-1.6595 


-0.1066 
0.3962 
-1.0590 


1.6540 
0.5286 
-1.1592 


Means over 
strat . levels 


-0.1396 


-0.0754 


-0.2891 


0.5005 


5* Undergen, 
Errors 
(z scores) . 
MSE ^ 3,5291 

- - ^ 


Strat .Levels 
1 

2 

3 


■0.7740 
1.3382 
■1.2873 ■ 


-0.7895 
0.1240 
-1.5565 


0.6045 
1.0337 
-1.7510 


0.9272 
1.8843 
-0.2159 


Means over 
strat. levels - 


0.1887 ■ 


-0.7836 


-0.0912 


1.0243 
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Table 10 

EKperltnent I. Analyses of Variance for 
Retention Data 





Varlabla 


Source 


df 


MS 


F 


p< 




Condition 


3 


5.2261 


1.6265 


.1915 


Correct Class. 


Strat. 


2 


48.5447 


15.1087 


.0001 


of Instances 


C X S 


6 


1.5534 


.4835 


.8185 




Error 


67 


3.2130 








Condition 


3 


1.3165 


1.9805 


.1253 


Recogi of 


Strat. 


2 


2.4935 


3.7510 


.0286 


Def In. 


C X S 


6 


.2906 


.4372 


.8515 




Error 


67 


.6667 








Condition 


3 


2.3936 


.5201 


.6700 


Overgen. 


Strat. 


2 


22.1589 


4.8145 


.0112 


Errors 


C X S 


6 


2.6885 


.5841 


.7418 




Error 


67 


4.6025 








Condition 


3 


11.1760 


3.1668 


.0300 


Undergen, 


Strat. 


2 


34.5616 


9.7934 


.0002 


, Errors 


C X S 


6 


1.6498 


.4675 


.8301 




Error 


67 


3.5291 






Note. — Analyses 


are based on 


unequi 









/ 
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Recognlr;lon of Dafinltions 

Irome dlate Acquisition and Retention . The results of the 
analysis of variance for both imnediate acquisition and retention 
showed that the only significant effect was due to stratifi- 
cation (Immediate acquisition: J^7,0605j ^,0017| retentioni 
3*7510j _g<,0286). In neither case was the ordering of the 
condition means in the predicted direction (inmiediate acquiaittoni 
Condition 1 > Condition 2 > Condition 4 > Condition 3; retentioni 
Condition 2 > Condition 4 > Condition 1 > Condition 3) . 
Knp^lsdge of Relationships among Concepts 

Agalns the only significant effect was due to stratification 
(FM.i940, £<,0193)* However, the ordering of the condition 
means was in the predicted direction* 
OvergenerallEatlon Classification Errors 

Immediate Acquisition .. The results of the analysis of 
variance showed that there were no slgnficant condition or inter- 
action effects 5 but that the main effect for stratification was 
slgnficant (F^8,1632, £^,0007). The ordering of the condition 
means wasi Condition 2 > Condition 4 > Condition 1 > Condition 3* 
Retention . Again ^ neither condition nor Interaction effects 
were found to be significant , but the main effect for stratlfl- ' 
cation was significant CF^4.8145, £<.0112). The ordering of 
the condition means wasi Condition 4 > Condition 2 > Condition 1 > 
Condition 3. 

UndergenerallEation Classification Errors 

Imedlate Acquisition . The results of the analysis of var- 
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lance showed a significant main effect for both conditions (F^^ 
2.8536, £<, 0437) and stratification levels (F^S. 2372, 0033) , 
The condition x stratification effect was not significant* 

Pairwlse comparisons of the condition means showed that 
the only slgnlf%eant difference was between the control 
group and subjects who read lessons containing the rational set 
of eKamples and non-eKamplei (Condition 1| 2.^.05), with subjects 
In the control group making significantly more undergenerallza= 
tlon errors. The ordering of the means was: Condition 4 > Con- 
dition 3 > Condition 2 > Condition 1. 

Retention * The main effects for both condition and stratl= 
flcatlon level were found to be significant (£^3,16685 £<.03^ and 
F^9*7934, £<.Q002j respectively). The Interaction effect was not 
found to be significant. 

The ordering of the condition means was 1 Condition 4 > 
Condition 3 > Condition 1 > Condition 2* The only significant (£<.05) 
difference was found to be between the control group (Condition 
4) and subjects who read lessons containing the rational set 
of eKamples (Condition 2), 

EKperlment II 

The two specific hypotheseE tested in Experiment II weres 

(1) that Condition 1 (lessons containing the rational set of 

both examples and non-examples with definitions) , Condition 2 

(lessons containing the rational set of examples with definitions) * 

- . ^ . .... 

and Condition 3 (lessons containing two examples with definitions). 



5.9 _ . 

J 

would aach result in significantly better perforaance on the dependent 
variables of correct clasilf Ication of initances, recognition of 
definitions j and knowledge of relationships among concepts than 
Condition 4 (control) j and (2) that due to the addition of concept 
definitlong to the traatmant conditions, there would be no signi- 
ficant differences among Condltlona 1, 2, and 3 on any of the five 
dependent variablea- 

A 3 X 4 analysis of variance (with three levels of strati- 
fication and four levels of type of lesson) was perfoCTied on the 
data for each of the dependent variables for limnediate acqulei- 
tlon and retention* When the main effect for condition was 
found to be signf leant, all pairwise comparisons among the 
means were tested using Tukey's method. An approKimate criti- 
cal value based on the harmonic mean was used in the comparisons i 
as the cell sizes were unequal. Each comparison was tested 
at the »05 significance level* The ordering of the condition 
means will again be reported in all cases for the reader's infor- 
mationi The means for each condition by stratification level 
and the results of the analyses of variance are reported in 
Tables 11 and 12 for Immediate acquisition and Tables 13 and 14 
for retention, 

Cprrect Classification of Instances 

Immediate AcquiaitlQn , The results of the analysis of var- ' 
lance showed that the main effect for both eonditions and 
itratlf ication levels was significant (F^15*00S3p £<. 0001, and 
£^18.3073, £<.0001| respectively)* The Interactton was also 
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Table 11 

Experiment II, Condition Means by Stratiftcation 
Level for all Dependent Variables 
Iimedlate Acquisition 



ERIC 



Dependent Variables 



1* Correct Class 
of Instances 
(z Bcoras) 
MSE - 3*0517 



2, Racog, of 
Defln, 
iz scores) 
MSE ^ 4.9669 



3. Knowl* of 
Relat. 

MSI - 2*1069 



Strat*Levels 

\ I 

. 2 
3 . 



Means over 
strat, levels 



Strat. Levels 
1 

2 

3 



Condition Means 



-1.5359 
0.7877 
1.3021 



0.3075 



Means over 
strat. levels 



4. Ovefgen. 
Errors 
(z seoras) 
MSE ^ 3.4756 



5. Undargen. 
Errors 
(z scores) 
MSE = 3.5439 



Strat .Levels 
1 

2 

3 



Means over 
strat, levels 



-1.7715 
0.5974 
2.1918 



-1.0110 
1,6394 
2.0170 



0.8350 



0.4900 



1.1250 
2.8000 
3.9000 



Strat .Levels 
1 

2 

3 



Means oveir 
strat. lavelB 



2.7143 



1.0000 

-0.7623 
-1.6436 



-0.5735 



Strat. Levels 
1 

2 

3 



Means over 
strat. levels 



1.5295 
-0,S669 
-0.8248 



-0.0600 



-0.9923 
0.3460 
1.6760 



0.2920 



1.6667 
2.3333 
4.0000 



2.6154 



2.0225 
-0.6191 
-1.2810 



0.0916 



-0.2773 
-1,8374 
-1.8392 



-1.2979 



-1.1709 
0. 8544 
2.7601 



0.8160 



■0.3034 
1.1549 
3.3397 



1.3884 



1.7778 
2.5000 
4.7778 



3.0000 



0.8279 
0.8772 
2.0517 



-0.7067 



1.0055 
0.4598 
2.1675 



0.5374 



-1.6984 
2.0396 
1.7822 



-1.8331 



■2.7100 
■2,0595 
■1.3737 



-2.0783 



1.0000 
2.0000 
2,2000 



1.7241 



1.4018 
1.4338 

0.6538 



1.1538 



1.2870 
1.8408 
2.1038 



1.7405 
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Ta-fala 12 

Experlinent II. Analysas of Variance for 
Inmiedlate Acqulsltiori Data 



Variable 



Correct Class, 
of Instances 



Source 



Condition 
Strat. 
C X S 
Error 



df 



3 
2 
6 
99 



MS 



45.7919 
55.8686 
8.7555 
3.0517 



15.0053 
18.3073 
2.8691 



P< 



.0001 
.0001 
.0128 



Recog, of 
Defln. 



Condition 
Strat. 
C X S 
Error 



3 
2 
6 
99 



61.8541 
77.4973 
3.3561 
4.9669 



12.4532 
15.6027 
.6757 



.0001 
.0001 

.6696 



Know! , of 
Relat . 



Condition 
Strat. 
C X S 
Error 



3 
2 
6 
99 



8.5190 
49.3717 
2.5786 
2.1069 



4.0433 .0094 
23.4330 .0001 
1.2239 ,3006 



Over gen. 
Errors 



Condition 
Strat, 
C X S 
Error 



3 
2 
6 
99 



20.6719 
50.9104 
4.0921 
3.4756 



5.9477 
14.6478 
1.1774 



.0010 
,0001 
.3246 



Undergan . 
Errors 



Condition 
Strat. 
C X S 
Error 



3 
2 
6 
99 



46.6131 
21.6840 
8.0826 
3.5439 



13.1532 
6.1187 
2.2807 



.0001 
.0032 
.0420 



Note. — Analyses are based on unequal n's. 
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Table 13 

Experiment II. Condition Means by Stifatificatlon 
Level for all Dependent Variables 
Retention 



Condition Means 



Dependent Variables 



1. Correct Class 
of Instances 
(e scores) 
MSE = 3.8219 



2. Recog. of 
Defin. 

MSE ^ 0.8918 



4. Overgen, 
Errors 
(z scores) 
MSE - 5.0159 



Undergen. 

Errors 

(z scores) 
MSE ^ 3,6687 



Strat .Levels 
1 

2 

3 



Means over 
strat .levels 



Strat. Levels 
1 



Means over 
strat .levels 



Strat. Lavels 
1 



Means over 
strat. levels 



Strat .Levels 
1 



Means over 
strat, levels. 



-0.0913 
0.6491 
.1.9030 



0.8854 



0.7500 
1.9000 
2.1000 



-0.5708 
0.5951 
2.2800 



0.4381 



.1.2288 
0.9133 
2.2800 



0.6641 



1.6429 



0.2559 
■0.5182 
•1.6280 



1.2222 
1.6667 
1.7500 



1.5385 



0.7778 
1.7000 
2.7778 



1.7500 



-0.6934 



■0.0591 
■0.4467 
1.2952 



-0.6390 



0.4626 
0.1049 
■1.1691 



1.3024 

-1.0715 
-1.9426 



-2,4307 
-2.2597 
-1.0124 



-1.8885 



0,6000 
0.5556 
1.3000 



0.8276 



-0.1633 -0.5885 



0.2422 
-0.9763 
-0.9903 



-0.5588 



0.6512 
-0.3419 
-1,5936 



-0.4250 



1.9203 
2.0494 

0.2492 



1.3841 



1.8190 

1.3815 
1.3697 



1.5283 



ERIC 
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Table 14 

Expariinent II < Analyses of Varlanee for 
Retention Data 



Variable 


Source 


df 


MS 


F 


P< 




Condition , 


3 


46.9763 


12,2913 


.0001 


Correct Class. 


Strat. 


2 


44.7842 


11.7177 


,0001 


of Instances 


C X S 


6 


2.4055 


.6294 


.7064 




Error 


99 


3.8219 








Condition 


3 


4.8976 


5.4918 


.0016 


Recog. of 


Strat, 


2 


11.8805 


13.3218 


,0001 


Defln. 


C X S 


6 


1.4300 


1.6035 


.1541 




Error 


99 


.8918 








Condition 


3 


26.4693 


5.2770 


,0021 


Over gen. 


Strat. 


2 


40.7095 


8.1160 


.0006 


Errors 


C X S 


6 


2.9752 


.5932 


.7352 




Error 


99 


5.0195 








Condition 


3 


30.7818 


8.3903 


.0001 


Undergen . 


Strat', 


2 


15.0148 


4.0926 


.0196 


Errors 


C X S 


6 


1.7071 


.4653 


.8325 




Error 


99 


3.6687 






No te . —Analyses 


are based on 


unequal 
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significant ^<-0128). An eKaminatlon of the means in 

Table 11 shows that,. the intaraction effect was significant because the 
ordering of the means by stratification level was exactly the same in- 
each treatment condition (level 3 > level 2 > level 1) but differed in 
the control condition (level 2 > level 3 > level 1) . 

The ordering of the condition means was: Condition 2 > 
Condition 3 > Condition 1 > Condition 4. Tukey comparieons 
showed that each of Conditions 1^ 2 and 3 were significantly 
different from the control group C£<,05), No significant differ- 
encas ware found between the treatment means. Thus j both 
Hypotheses 1 and 2 were confirmed , indicating that providing 
definitions with teaching instances promotes concept attainment ^ 
and that the presence of definitions negates any effects due 
to the number of teaching Instances provided. 

Retention i The condition effect and the etratlflcatlon 
effect ware significant (F^ 12. 2913, £<, 0001 , and £^11,7177, 
£<.0001, respectively). The interaction. effect was not sig= 
ni f leant - 

The ordering of the condition means was ^ Condition 1 > 
Condition 3 > Condition 2 > Condition 4* As on inmedlate 
acquisition^ each of the treatment conditions was found to be 
lignif Icantly different from the control condition (£<*05 in 
all cases). Furthermore, no significant differences were 
found among the treatment conditions. Thus these results also 
confirmed Hypotheses 1 and 2.^ 
RecQgnitlon of Definitions 

Immediate AGquisltlon , Main effects for condition and 
Htrat iritiatlon U^val were HlgnlflcniU (V^l2.k%i2 , p» MiOOl / /md 
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F^15*6027, £<*0001, respectively). The condition x stratification 

interaction was not significant. 

The ordering of the condition means wast Condition 3 > 
Condition 1 > Condition 2 > Condition 4. Pairwlse comparleons 
among the tneana showed that both of the hypothegee were again 
confirmed. No significant differences were found among the 
treatment conditions p but each treatraent condition was found 
to be significantly different from the control C£^<.05 in each 
case). 

Retention . The analysis of variance showed that the con-- 
dltion effect and the stratification effect were both signi- 
ficant (£^5.4918, £<.0016, and 3218, £< . 0001 , respectlvaly). , 
The Interaction effect was not significant. 

The ordering of the condition means was,' Condition 3 > 
Condition 1 > Condition 2 > Condition 4. Again ^ each treatment 
condition was found to be significantly different: from the 
control condition C£<,05 in all cases) but no significant 
differences were found among the treatment conditions* 
Knowledge of Relationships among CQncepts 

The main effects for condition and stratification level were 
signficant ^^4*0433, £<,Q094p and F-23.4330, £<.0001, respectively). 
The condition x stratification interaction was not significant, 
Pairwlse comparisons among the means showed that the only 
significant difference was between Condition 3 (two examplee 
with definitions) and the control group. The ordering of the 
means was I Condition 3 > Condition 1 > Condition 2 > Condition 4* 
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Overgengraligation Classification Errors 

Imaediate Acquisition , The results of the analyslB of 
variance showed that condition and stratification effects 
were signficant CF^5.9477, £<.0010, and £^14.6478, £<.0001, 
raEpectively) . The interaction effect was not significant. 

The ordering of the condition means was: Condition 4 > 
Condition 2 > Condition 1 > Condition 3* The differences 
batween Condition 4 (cDntrol) and Condition 1 (rational set 
of examples and non^examples with definitions), and between 
Coridltlon 4 and Condition 3 (two examples with definitions), 
were ^both found to be significant (In both cases £<.05). 

Retention , The results of the analysis of variance showed 
significant main effects for both conditions (^^5,2770^ 
£<.0021) and stratification levels CF-8.1160, £<.0006). The 
interaction effect was not significant. 

The ordering of the condition means was: Condition 4 > 
Condition 2 > Condition 3 > Condition 1. Again, the differences 
between Condi t ions 4 and 1 and between Conditions 4 and 3 
were lignif leant C£<i05 in both cases), " 
Undergenerallgation Claaslf Icatlon Errors 

Immediate Acquisition . The main effects for condition and 
stratification level were found to be signficant <P^13,1532s 
£<.OO01, and F^6. 1187s £<.0032j respectively). The Interaction 
effect was also significant (F=2.2807, £<.0420)* An examination of the 
means in Table 11 shows that this was caused by the fact that while In 
each treatment condition subjects in the highest stratification level (3) 
made fewer errors than subjects in the middle level (2) who in turn made 
fewer errors than subjects in the lowest level (1) , this order. was 
exactly reversed in the control condition. 
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The ordering of the condition means wasi Condition 4 > 
Condition 1 > Condition 3 > Condition 2, Significant differences 
were fQund between the control and each of the treatment condi- 
tions (£<*05 in all cases) ^ . 

Retention , Both the condition and the stratification 
effect were slgnficant CF^8,3909., ^<,0001, and F^,0926-, £<.0196, 
respectively)* The interaction was not significant* 

The ordering of the condition means wasi Condition 4 > 
Condition 3 > Condition 2 > Condition 1* Againi significant 
differencee were found between the control and each of the 
treatment conditions C£<.OS in all cases). 

Experiment III 

The predicted ordering of the condition means in EKperlment III 
on the dependent variables of correct classification of instances, 
recognition o£ definitions ^ and knowledge of relationshlpi among 
concepts wasi Condition 3 (lessons containing the rational set 
of eKamples and non-examples with both concept definitions and 
emphasis) > Condition 2 (lessons containing the rational set of 
eKamples and non-examples with just daf inltionsO' > Condition 1 
(lessons containing the rational set of examples and non-examples 
only) > Condition 4 (control). The direction of the means on 
the variables of over-- and undergenerallzatlon" of classification 
errors was not hypothesized, 

A 3 X 4 analysis of variance (with three levels of strati-- 
flcation and four levels of type of leeeon) was performed 
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on the data for each dependent variable* Tukey tests were used 
to test all palrwlse comparisons among the condition means 
when the main effect for eondition was found to be significant* 
An approxlraate critical value based on the harmonie tnaan was 
used in the comparisons due to the unequal cell sizes* All 
comparisons were tested at the *05 level of significance. The 
ordering of the condition means will he reported in all cases 
for the reader's inforaation even when there was no 
significant condition effect. The means for each condition by 
stratification level and the results of the analyses of 
variance are presented in Tables 15 and 16 for iimnediate acquis^ 
itlon and In Tables 17 and 18 for retention. 
Correct Clasaif Icatlon of Instances 

Imiedlate Acquisition * The results of the analysis of 
variance showed algnlf leant main effects for both conditions 
(F^17*6969p £^.0001) and stratification level (1^17.0721, 
£<,0001). The Interaction was not signifl^iint * 

The ordering of the condition means was in the predicted 
direction* Tukey comparisons showed that both Condition 3 
(rational set of eKamples and nQn=examples with definitions 
and emphaels) and Condition 2 (rational set of examples and 
non--exaraples with definitions) differed from the control 
condition (£<,05). Additionally » each of Conditions 3 and 2 
were found to be signf Icantly different from Condition 1 (ratlona 
set of examples and non-examples), but not from each other. 
Thus, providing the rational set of examples and npn=examples 



Table 15 

Experiment III 
Condition Means by Stratification Level 
for all Dependent Variables 
Immediate Acquisition 
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EKLC 



Dependent Variables 



1. Correct Class 
of Instances 
(z scores) 
MSB - 3.0386 



2, Recog. of 
Defin, 
(z scores j 
MSB =6.0355 



Strat .Levels 
1 

2 

3 



Means over 
strat. levali 



Strat. Levels 
1 



Means over 
strat. levels 



3. Knowl, of 
Relat. 

MSE ^ 3,1740 



Strat. Levela 
1 

2 

3 



Means over 
strat. levels 



Overgen. 

Errors 

(g scores) 
MSE = 3.2177 



Strat. Levels 
1 

2 

3 



Means over 
strat .levels 



5. Undargen, 
Errors 
(z scores) 
MSE = 2.9147 



Strat. Leveli 
1 

2 

3 



Means over 
strat. levels 



-1.5492 
-5.4830 
0.3962 



-0,5671 



-2,0752 
-2.. 0832 
■0.8742 



Condition Means 




1.0175 



-0.5548 
1.5454 
3.0165 



-1.6775 



2.1250 
2.2500 
3.0000 



2.4583 



1.6563 
0.6883 
0.2709 



1.0657 



2.2500 
3.5000 
4.3750 



3.2143 



-0.0580 
'0.3707 
■1.8331 



0.6912 



0.92S0 
0,2878 
0.3966 



0.2721 



-0.6545 



-O.llOS 
-0.9225 
-2.4443 



1.1832 



1.0784 
0.6851 
3.1370 



1.8378 



2.8750 
3.0000 
4.S000 



3.5833 



0.7282 
■1.9164 
■1.9302 



-1.0406 



0.3908 
-1.1870 
-1.8830 



-1.8032 



-2.9326 
-1.1097 
-0.4756 



-1.4036 



1.4286 
1.7500 
3.4444 



2.2917 



2.4552 
0.7123 
0.4252 



1,1130 



•1.0093 -0.9510 



3.0324 
1.8555 
0.9428 



•1.8565 
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Table 16 

EKperiinent III. Analyses of Variance for 
Inmediate Acquisition Data 



Variable 



Correct Class, 
of Instances 



Source 



df 



MS 



Condition 
Strat. 
C X S 
Error 



3 
2 
6 
88 



\53.7745 
51.8760 
1.5273 
3.0386 



17.6969 
17.0721 
.5026 



P< 



,0001 
.0001 
.8049 



Recog. of 
Defin. 



Condition 
Strat. 

C K S 
Error 



3 
2 
6 
88 



76.9422 
46.9405 
4.3147 
6.0355 



12.7483 
7.7774 
.7149 



,0001 
,0008 
,6386 



Knowl. of 
Relat . 



Condition 
Strat. 
C X S 
Error 



3 
2 
6 
88 



9.7668 
25.0786 
1.1852 
3.1740 



3.0771 
7.9013 
.3734 



.0317 
.0007 
.8941 



Ovargen. 
Errors 



Condition 
Strat, 
C X S 
Error 



3 
2 
6 
88 



26.3936 
37.0375 
2.0842 
3.2177 



8.2025 
11.5104 
.6477 



.0001 
.0001 
.6918 



Under gen i 

Errors 



Condition 
Strat, 
C X S 
Error 



3 
2 
6 
88 



44.9092 
34.8091 
.7025 
2.9147 



15.4079 
11.9427 
,2410 



,0001 
,0001 

,9617 



Note, — Analyses are based on unequal n's. 
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Table 17 

Experiment III, C.,>ndition Means by Stratification 
Level for all Dependent Variables 
Retention 



ERIC 



Dependent Variables 



1, Correct class, 
of Instances 
(z scores) 
MSE = 4.5626 



2. Racog, of 
Defin. 

MSE * 1.2456 



4* Overgen. 
Errors 
(z scores) 
MSE - 4.7365 



Strat .Levels 
1 

2 

3 



Means over 
Strat, levels 



Strat .Levels 
1 



Means over 
strat, levels 



Strat. Levels 
1 

2 

3 



-2,0708 
-4.3362 
0.7363 



Condition Means 



-0.3240 
1.0801 
2.2169 



-0,5893 



1.1250 
0.8750 
1.8750 



1.2917 



0.8032 



1.4167 
2,5000 
2,3750 



2.0000 



Means over 
strat .levels 



Undergan, 

Errors 

(z scores) 
MSB = 4.4334 



Strat .Levels 
1 

2 

3 



1.4756 
0.6033 
-0.0863 



0,6642 



Means over 
strat. levels 



1.9493 
0.2064 
-0.9578 



0.3993 



0.6648 
-0.4397 
■1.9468 



-0.3969 



-0.0414 
-1.2746 
■1.7736 



-1.0376 
0.7162 
2.2990 



0.7911 



2.1250 
1.5000 
2.7000 



2.2083 



-2.2570 
-1.0309 
-0.36S2 



-1.1389 



1,0000 
1.2500 
1, 



1.2500 



1.0463 
•1.2114 
'2.2130 



-0.8762 



1.7349 
0.2155 
0.2593 



0.6751 



-0.8887 



0.4440 
0.0093 
1.6076 



-0.5195 



2.0572 
1.1824 
0.4342 



1.1570 
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Table 18 

Experiment Hit Analyses of Variance for 
Retention Data 





Variable 


Source 


df 


' MS 


F 


P< 




n nnrf 1 ^ nn 


3 


26 6781 


S 8471 




Correct Class * 


Strat* 


2 


;9.9450 


13.1382 


.0001 


of Instances 


C X S 


6 


.7903 


.1732 


.9834 




Error 


88 


4.5626 








Condition 


3 


5.7665 


4.6294 


.0048 


Recog, of 


Strat , 


2 


4.5236 


3.6316 


.0306 


Defin, 


C X S 


6 


1.3473 


1,0818 


.3796 




Error 


88 


1.2456 








Cdndition 


3 


14.7874 


3.1220 


.0300 


Overgen. 


Strat. 


2 


44.5383 


9.4032 


.0002 


Errors 


C X S 


6 


2.1175 


.4471 


.8453 




Error 


88 


4.7365 








Condi t ion 


3 


21.5149 


4.8530 


.0036 


Undergen, 


Strat* 


2 


37.4479 


8.4468 


.0005 


Errors 


G X S 


6 


1.1252 


.2538 


.9566 




Error 


88 


4.4334 






No t e , - - Analy s e s 


are based on 


unequal 


n's , 







i 
i 

ERIC 
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alone did not result in concept attainment: a^i niyfisured by the 
subjects' ability to identify new Instances, but providing 
the rational set of examples and non^exainples with definitions j 
or with definitions plus emphasis, did result in concept 
learning. Moreover j the results also indicate that emphaeie 
of relevant attributes does not significantly increase 
eubjects' performance If a definition and the rational set 
of examples and non^examples are also provided. 

Retention . Main effects for condition (F-5.8471, £<.0011) 
and stratification (f^l3.1M2, £<,0001) were again found to 
be significant* The interaction effect was not significant. 

The ordering of the condition means was not in the 
hypothesized direction ! Condition 2 > Condition 3 > Con-- 
dition 1 > Condition 4. Significant differences were found 
only between Condition 2 and the control and Condition 3 and 
the control (£<,05 in both cases)'. 
Recognition of Definitions 

Immedlata Acquisition * The results of the analysis of 
variance showed a significant main effect for both condition 
(J^-12.7483, £<,0001) and stratification level (2^7*7774, £<,0008) 
The condition x stratification interaetion was not significant. 

The ordering of the condition means was* Condition 3 > 
Condition 2 > Condition 4 > Condition 1, Means for Condition 3 
(rational set of examples and non-examples with definitions and 
emphasis) and Condition 2 (rational set of examples and nan- 
examples with definitions) were each significantly different 
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from the mean of the control group (£<.05 in both case^) , and 
signficantly different from the mean for Condition 1 Crational 
set of examples and non=examples alone), Apparently, providing 
the rational set of examplea and ndn^examples alone did not 
provide subjects with enough information to Identify the 
concept definitions* Howevers subjects who had been given the 
definitions with the rational set of examples and non-examples 
could identify definitions more successfully than the control 
group. The addition of emphasis of relevant attributes to 
the rational set of examples and non-examplei with definitions 
did not significantly Improve performance* 

Retention* Agalns condition and stratification effects 
were slgnficant (F-4 • 6294 0048, and F-3,6316, £<.0306, 
respectively). The Interaction was not significant. 

The ordering of the means was in the predicted direction. 
Significant differences were found between Conditions 3 and 
4 C£<.05) and Conditions 3 and 1 (£<*05) . It thus appears 
that only subjects who read lessons .containing the rational 
set of eKamples and non-examples with definitions and emphasis 
could remember significantly more definitions than the control 
group on retention i 

Knowledge of Relatioiishlps among Concepts 

The main effects for condition (fm^^ojJi^ £<.03I7) and 
stratification (^^7 .90135 ^<,0007) were significant i However, 
none of the Tukey coraparlions among the means .was found to be 
significant 5 although the ordering of the condition means was 
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in the hypothesized direction. The condition x stratification 

interaction effect was not significants 

Qv^ergeneralization Classification Errors 

Immediate Acquisition ^ Both condition and stratification 
f 

effects were found to be significant (F^8* 2025 5 £<.0001, and 
£-11.5l64s OOOlj respectively). The interaction effect 
was not found to be significant, 

The ordering of the condition means wasi Condition 4 > 
Condition 1 > Condition 2 > Condition 3. Significant differences 
were found between the means for Condition 2 (rational sat plus 
definitions) and the control (£<.05), and Condition 3 (rational 
set plus definitions and emphasis) and the control (£^<,05), 
In both cases the subjects in the control condition overgeneralized 
more than subjects In the two treatment i conditions * A sig- 
nificant difference between Conditions 1 and 2^ and 1 and 3* was ale 
found (2<*05)* Subjects in Condition 1 made significantly more over 
generalization errors than subjects in Conditions 2 or 3 , 

Retention t Significant condition (F^3,1220 5 £<i0300) 
and stratification (F^9.4032j £<,0002) effects were again 
found. The interaction effect was not significant. 

. None of the palrwise comparisons among the condition 
means was found to be significant. The ordering of the means 
was the same as that for Immediate acquisition of overgenerali- 
zation classification errors, 
[Jndergenerallzation Classification Errors 

iTOnedlate Acquisition « The results of the analysis of 
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variance showed that both the main effects for condition and 
stratification ware significant (F^15*40795 £<*0001, and 
£<.0001^ respectively). Again, the Interaction effect was not 
significant , ' . 

The direction of the means was i Condition 4 > Condi- 
tion 1 > Condition 3 > Condition 2- Testing all pairwlse com= 
parlsons between the condition means ghowed that the mean for 
each of the treatnient conditions was significantly different 
from the mean for the control group (in all cases £<.05), and 
the mean for Cdnditlon 2 (rational set with definitions) was 
significantly different from the mean for Condition 1 (rational 
set only) , 

Retention . Significant differences were again found for 
the main effects of condition (J^4*8S30p £<,0036) and stratlf id- 
eation (F-8.4468j £<.0005)- The interaction effect was not 
significant. 

The direction of the Tneans wasi Condition 4 > Condition 1 > 
Condition 3 > Condition 2* Significant differences were found 
between Condition 2 and the control and Condition 3 and the 
control (£<.05 in both cases). 



Chapter VI 
DISCUSSION 



The purpose of the present series of experiments was to 
detennine the effect of various instructional variables on 
concept learning at the formal level. Three instructional 
variables were studied: number of teaching eKamplas and 
non-examples, concept definition, and emphasis. of relevant 
attributes . 

Experiment I focused on the effects of the number of 
teaching axamples and non^examples presented when the concepts 
used were not defined. Results showed that subjects who read 
lessons containing the rational set of both examples and non- 
examples were able to Identify significantly more new instances 
on teats of immediate acquisition than subjects in the con^ 
trol group. However, neither subjects who read lessons 
containing the rational set of examples only nor subjects who 
read lessona containing two examples differed significantly in 
performance from the control group. Although there were no 
significant differences among the experimental conditions on the 
retention measure, the fact that there was a significant differ- 
ence between subjects reading lessons with the rational skt of 
both examples and non-exafflples and the control on immediate 
acquisition supports the views of both Markle and Tiamann (1969) 
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and Merrill (1971) concerning the importance of non-examples 
in concept learning. Apparently^ as Tennyson (1971) also 
founds non-exainples function as a facilitative factor in 
concept learning when they are chosen according to rational 
criteria and used in a way which focunes the subject's attention 
on the relevant attributes of the concept* 

Results of Experiinent I also Indicate that th. number of 
examples provided when no 'non-eKamplcs were given was not a 
critical factor. Indeed, providing examples alones even the 
rational set of examples , appGars to have been singularly 
ineffective in promoting concept learning. Very likely this was 
due in part to the difficult nature of the concepts themselves , 
and the fact that the propercies of the instances which were 
relevant concept attributes were 'not Immediately obvious. 

An analysis of the pattern of errors made in Experiment I 
lent support to Markle and Tlemann^s theoretical position re-^ 
gardlng classification errors. Although no differences between 
the treatment conditions on over- or undergenerali^ation were 
found to be atatistically significant, subjects who read laSBons 
containing the rational set of examples only did make more over* 
generalization errors on imedlate acquisition and retention 
than subjectF who read. lessons containing the rational set of 
examples and non-examples* This is precisely the result Markle 
and Tiemann hav& predicted. They theorize that without non- 
examples the student does not learn to discriminate the cQnc^pt 
from other concepts and, therefore, overgenerallEes . The results 
of this study support this view* , 
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The only significant differences found In an analysis of the. 
kinds of errors made were between Condition 1 (rational set of 
examples and non-examples) and the control group on undergeneral= 
izatlon (on immediate acquisition only), and between Condition 2 
(rational set of examples) and the control group on undergeneral- 
izatlon (on retention only). In both cases the control group 
made significantly more undergeneralizatlon errors. 

Neither of the two remaining dependent variables used in 
Experiment I, recognition of definitions and knowledge of relation- 
ships among concepts, was found to discriminate among the experi- 
mental conditions. There are two obvious explanations for this, 
both of which may In part account for the results. First, the 
concepts themselves may have bean so difficult that merely pre- 
senting examples and non-examples did not provide subjects with 
enough information to infer the eoncept definitions or cognize 
the relationships aniong the concepts. Second, the dependent 
measures used may not have been valid or reliable. No reliability 
checks were run on the tests, and the number of Items used to 
measure these variables was relatively small (six items for 
recognition of definitions and nine items for knowledge of re- 
lationships among concepts) ,* 

Experiment II was essentially a replication of Experiment 
I, but definitions of the concepts were added to the treatmeui; 
conditions. The results as measured by the d.. pendent variables 
of correct classification of instances and recognition of 



Reliability estimates for the dependent measures were subsequently 
calculated and are included for the reader's information as Appendix F. 
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definitions (on both immediatG acquisition and retention) showed 
consistently that when definitions were given with LnKtancea of 
the concepts, each of the treatment conditions differed slgTiifi- 
cantly from the control condition but did not differ among 
themselves. Thus the addition of concept definitions had a 
facilltative effect (as measured by these specific dependent 
variables), which is consistent with the findings of Frayer 
(1970) and Merrill and Tennyson (1971)* Not only did it negate 
any potential effects due to the number of examples presented, 
but it also compensated for the lack of non-examples in two of 
the treatment conditions (Conditions 2 and 3) , which was found 
to be a crucial factor in Experiment I. These results indicate 
that possibly just providing a concept definition alone wguld 
In some cases be as facilitative in promoting concept learning 
as providing a concept definition with e^camples and non==examples , 

On the dependent variable of knowledge of relationships 
among concepts culy the difference between subjects who read 
lessons containing two examples with definitions and the control 
group was found to be significant. This suggests that 
possibiy subjects who read lessons containing the rational set 
of b'oth aKamples and non--examples with definitions, or just 
the rational set of examples with definitions ^ had been 
exposed to so much information about each concept that when they 
were asked to integrate the concepts and discern the relationships 
among them they confused what they had learned* 

No significant differences were found between the treatment 
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conditions on eithar over- or undergenerallzation, on both 
Inunedlate acquisition or retention. As this was identical to the 
results of Experiment I, the lack of significance was probably not due 
to any equalizing effects brought about by the presence of concept 
definitions. Possibly dividing errors Into overgeneralization 
and undergenerallzation categories is not as discriminating an 
analytic technique as Markle and Tlemann have hypothenized, but 
mors likely the lack of significant differences was due to the 
overall difficulty of the concepts studied, or weaknnsses in th,: ' 
experimental manipulations or dependent measures. 

Significant differences on ovei- and uridergeneralization 
errors were found, however, between treatment conditions and the 
control. Subjects who read lessons containing the rational set 
of examples and non-examples with definitions and subjects who 
read lessons containing Just two examples with definitions over- 
generalized significantly less than subjects in the control condition 
on both Immediate acquisition and retention, while subjects in each 
of the treatment conditions undergeneralized significantly less 
than control Subjects (both on inm,ediate acquisition and retention). 

In Experiment III the effect of presenting the rational set 
Of examples and non-examples was contrasted with the effect of 
presenting the rational set of examples and non-examples with 
concept definitions, and with concept definitions and emphasis 
of relevant attributes. Contrary to the results of Experiraont I, 
subjects who read lesbons containing the rational set of examples 
and non-examples did not differ from the control group on the 
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dependent variable of correct classification of instances (on 
immediate acquisition or retention)- Indeed, subjects in this 
condition only differed from the control group on the dependent 
variable of undergeneraliEation errors oa iminediate acquisition, 
with subjects in the control group inaklng significantly more 
undergenerallzation errors* Possibly the effect of providing 
the rational set of examples and non-= examples alone was not 
consistently found to be effective in promoting concept learn- 
ing in Experiments I and III because. the concepts were 
difficult ones and^ as mentioned earlier^ examples of them 
do not have easily discernible relevant attributes. 

The addition of concept definitions and definitions plus 
emphasis to the rational set of examples and non^examplea 
proved to be a facilitative instructional technique. For the 
dependent variables of correct classification of instances and 
recognition of definitions, subjects who read lessons containing 
the ratlanal set of examples and non^examples with definitions 
or with definitions plus emphasis performed significantly better 
than subjects reading lessdns containing only the rational set 
of eKamples and non^examples (on iiranediatG acquisition) , and 
better than the control subjects (on both Immediate acquisition 
and retention for correct classification of instances and on 
Inmiediate acquisition for recognition of definitions). 

Interestingly, the addition of emphasis of relevant attri- . 
butes to the rational set of examples and non-examples 
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with concept definitions was only in one case found to be more 
. facllitacive than the rational set of examples and non-examples 
with definitions alone. Subjects who read lessons with emphasis 
differed significantly in performance from control subjects 
on the dependent variable of recognition of definitions on 
retention while none of the other treatment conditions did. Thus 
emphasis of relevant attributes did not have the significanC 
effect which was hypothesized. Indicating that the addition of 
definitions to the rational set was actually the critical factor, 
should be pointed out, however, that the concepts of bilateral 
synraietry and rotational symmetry were defined in terms of only 
one relevant attribute, and translatlonal symmetry was defined 
in terms of only two relevant attributes. It may very well be 
that emphasizing relevant attributes is only a facilltative 
technique when the concepts Involved are more complex than those 
studied in the present series of experiments, and are defined in 
terms of '3t»,veral relevant attributes. 

An analysis of the pattern of errors made in EKperlment 
III showed that subjects who read lessons containing the rational 
set of examples and non-examples (Condition 1) both over- and 
undergenerallzed more than subjects who read the same lessons 
but with concept definitions (Condition 2) on limnediate acqui- 
sition, and they also overgeneralized more than subjects who 
read lessons containing the rational set of examples and non- 
examples, definitions and emphasis (Condition 3) on inmediate 
acquisition. Again, this points out that the rational set of 
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exainples and non-eKamples alone was not as facilltative an instruc- 
tional variable in Experiment III as the rational set of examples 
and non-examples with definitions, or with definitions and em= 
phasis. Fur therr ores while subjects In each of treatment Conditions 
1, 2, and 3 undergeneraliged significantly less than control sub-- 
jects on iimnediate acquisition, only subjects in Conditions 2 and 3 
undergenerallzed significantly less than control subject a on re- 
tention* Additionally, on overgeneralization only subjects In 
Conditions 2 and 3 made significantly fewer errors, than con- 
trol subjects on iiranediate acquisition^ although on retention 
there were no significant differences. 

The fact that providing concept definitions or definitions 
plus emphasis with the rational set of examples and non=e3camples 
was ' consistently found in Experiment III to be more faclllta^ 
tive in promoting concept learning than the rational set of 
uxnmpleH and non^exnmp] uh nlonn is iin Importnnt rinclfn>';. If 
points outJ that Markle and Tiemann'H approach to Leach J ng ' 
concepts may not be the most effective method, at least for 
concepts similar to those studied in the present series of 
experiments. 

In summary, the major findings of Experiments l-III can be 
broadly suated as follows * First , the use of non-examples which 
focus the subjects- attention on relevant attribuces of the 
concept was found to be a facilltative instructional technique. 
Second I providing a concept definition generally compensated 
for presenting only the rational set of examples (with no hon^ 
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examples), atid negated any possible effects due to the number' 
of eKamples given. Third, presenting the rational set of 
examples and non-examples was not consistently found to promote 
concept learning 5 but presenting the ratiDnal set with a 
concept definition generally was found to be effective. Finally 5 
adding emphasis of relevant attributes to the rational set of 
axamples and non-eKamples plus a concept definition was generally 
not found to significantly increase perfornmnce. 

It is necessary to briefly point out, however, two basic 
limitations In the series of eKperlments which may have Influenced 
the results^ and certainly limit their generallzablllty , Aa men- 
tioned before^ the concepts themselves were both difficult and 
defined only in terms of one or two relevant attrlbutea. If 
other types of concepts had been studied the results might have 
been quite different. Additionally , the lessons and dependent 
measures had not been validated as to their effectiveness in either 
teaching or measuring concept learning.. Indeed, the significant 
effects due to stratification level found on each experiment 
show that the effectiveness of the lessons for the individual 
subject was directly related to his ability to read, and the 
dependent variable of knowledge of relationships aiaong cqn« 
cepts was rarely found to discriminate among the conditions. 
The results of Experiments I-^III, therfore, may to some extent 
be a function of the experimental materials. However, the 
relative consistency of the results across experiments argues 
that the results are reliable ^ at least for the particular 
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concepts studied* 

Many questions dealing with the effects of the three instruc-- 
tional variables focused on in the prtsent series of experiments 
on concept learning at the formal level still remain to be answered. 
Perhaps the most important of these Is whether the same results 
as found here would be produced If different concepts were studied* 
Additionally 5 the use of other instructional variables in conjunc- 
tion with examplei^ and non-eKamples ^ definitions and emphasis 
should be investigated^ in an effort to determine what the optimal 
combination of instructional variables is in promoting concept 
learnings or whether such an optimal combination is In reality 
dependent upon the Individual student or the concepts being 
studied. 
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Appendix C 



FIRST SESSION INSTRUCT CONS TO SUBJECTa 
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Instructions to Students 
Good morning Cafternoon). 

.My name is , and this is 

We are working with some people at the University of Wisconsin In 
Madison who are very interested in finding better ways to help 
children learn about math. Today you will be able to help us by 
reading three math lessons and taking four tests. There is no 
reason to be worried about what you will be doing. You will not 
be graded on the tests. The information is just for us* But ' 
please try to do your best job. 

In the brown envelopes which have been passed out to you are 
the lessons you will be reading* There are many different kinds 
of leaaons* It may even seem that you are reading different 
lessons from everyone else* But don't worry about it because this 
is the way it is supposed to be. 

Evaryone's lessons are labeled Lesson I, Lesson II, and Lesson III 
Please open your envelopes now and take out Leseon I, Only take 
out Lesson I and do not open it until I tell you to, (Wait until 
everyone has done this,) Please fill out the cover of Lesson I. 
Please print your namei the name of your school and teacher, your 
grade and today's date (Wait until everyone has 

finished) , 
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Now turn to the fiist page where it says WORD LIST. These 
are some of the words which you may find tn the leBbons, Because 
they are a little unusual I would like to go over them with you* 
For Instance, does anyone see the word ? Good! What 

number is it? 0*K.j now let's all. say it together. Fine! Now 
what about the word ? (Continue until all the words have " 

been pronounced and their numbers indicated,) 

There may be OLher words in the lessons which are new to you, 
If you are having any trouble with a word just raise your hand 
and one of us will help you. Also, if you are asked any questions 
in the lessons you are reading, answer them right in the lesson 
booklet . 

When you have finished reading Lesson I raise your hand and 
we will coma around and collect your lesson and give you Test 1. - 
When you have finished with Test I turn it over and push it out ^ 
of your way and then wait quietly until everyone has finished* 

Does anyone have any questions? 

Please work individually. Do no t talk to one another. And 
please do the best Job you can. 

O.K.J turn the page and begin reading. 
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SECOND SESSION INSTRUCTIONS TO SUBJECTS 
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Instructions to Students 
Good morning (afternoon). 

My name is ^ I am from the University 

of Wisconsin in Madison* 

1 am going to pass out some tests to you* They are like the 
tests you took two weeks ago on syTmnetry, Just as you weren*t 
graded on those tests, you won^t be graded on this test. The 
information is ju«t for me and the people I work with in Madison. 
But please try to do your best Job. 

(Pass out the tests. Make sure that the children do not 
open the test booklets until told to do so,) 

Now please fill in the cover of your test booklet. Write 
your naTnes teacher, school, grade and today -a date ~ 
(Write the date on the blackboard. Wait until everyone has 
finished before going on,) 

Now open your booklets to the first page where it says general 
instructions. Please follow in your booklet while I read the 
Instructions aloud. (Read the instructions.) 

Please work independently on your test. Dpn-'t talk to one anothe 
When you havt finished your test 3 turn it over and wait quietly until 
everyone has finished. 

Are there any questions? O.K.p turn the page and begin. And do 
your best jobi 

(Collect the teats when everyone has finished. Then thank the kids 
and the teacher and leave,) 
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OF TESTS 1~Y BY CONDITION AND STRATIFICATION LEVEL 

RAW SCORES 
Ixperiments I-III 
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Means and Standard Deviations for Tndlviduriil ParL« 
of Tests I-IV by Condition 
Experiment I 



Conditions 











1 






2 






3 






4 




Tests 




M 




SD 




M 




SD 




M 




SD 


M 




SD 


Test I 
Part I: 


correct 


12 


.4500 


2 


.2907 


11 


.0000 


2 


.0000 


12 


.2500 


2 


.7363 


11.5000 


2 


.6739 




under 


3 


.2000 


1 


.9131 


3 


.5263 


1 


.3126 


3 


.3000 


1 


.6763 


3.8500 


1 


.8241 




over 


4 


.3500 


1 


.5398 


4 


.8421 


1 


.4961 


4 


.4000 


1 


.6852 


4.5500 


1 


.4992 


Part II: 


correct 


0 


.5500 


0 


.4975 


0 


.4737 


0 


.4993 


0 


.4500 


0 


.4975 


0.4500 


0 


.4975 


Test II 
Part I: 


correct 


11 


.2000 


2 


.7677 


11 


.1053 


1 


.9707 


11 


.0000 


3 


.9243 


1 0 0000 


2 


.4900 




under 


3 


.8500 


2 


.1042 


3 


.5263 


1 


.6016 


4 


. 6500 


2 


4955 


5.1500 


1 


9046 




over 


4 


.9500 


1 


.7741 


5 


.3158 


1 


.3785 


4 


.2500 


1 


.9462 


4.8500 


1 


.4239 


Part II' 


correct 


0 


.1500 


0. 


3571 


0 


1053 


0 


.3069 


0 


.1500 


0 


,3571 


0.2000 


0 


.4000 


Test III 
Part I: 


correct 


13 


.9500 


2. 


7290 


12.0526 


3 


.2682 


12 


.1500 


2 


8509 


11.4000 


. 2 


.7641 




under 


2. 


1000 


1. 


5133 


2. 


9474 


2. 


0384 


3. 


6500 


2. 


0069 


3.5000 


2. 


,1095 




over 


3. 


9000 


1. 


8947 


5. 


0000 


1. 


8064 


4. 


2000 


1. 


6912 


5.0500 


1. 


6271 


Part III 


correct 


0. 


2500 


0.4330 


0. 


1579 


0. 


3646 


0. 


1500 


0. 


3571 


0.1500 


0. 


3571 


Test IV 
Part I: 


correct 


2. 


4500 


1. 


2440 


2. 


1579 


1. 


0394 


2. 


1000 


1. 


4107 


1.7000 


0. 


9000 


Part III 


correct 


0. 


8500 


0. 


9631 


0. 


8947 


0. 


6406 


0. 


6500 


1. 


0137 


0.6000 

; _ _ 


0. 


6633 



Means and Standard Deviations for Individual Parts 
of Test V by Condition 
Experiment I 



Conditions 



Tests 


1 

M SD 


2 

M SD 


3 

M SD 


4 

M SD 


Test V - Part I 
A: correct 
under 
over 


12.5000 
3.8000 
3.7000 


2.4393 
1.9900 
"1.4526 


12.3684 
3.6842 
3.6316 


2.9773 
2.1039 
1.9523 


12.7000 
3.2000 
3.9000 


3 .1000 

1.7493 
1.9209 


J. ^ » J M W 

4 . 5000 
4.0000 


1.8574 
1.8166 


B: correct 
under 
over 


11.2500 
3.7500 
4.7000 


2.8085 
2.1418 
1.8466 


13.0000 
2.8421 
4.1579 


2.3170 
1.6941 
1.5648 


11.9000 
3.8000 , 
4.0000 


3.5763 
2.1354 
1.5166 


10.7500 
4.3000 
4.9000 


2.0463 
1.4526 
1.4457 


Ci correct 
under 
over 


12.7500 
2.9500 
4.0000 


2.9304 
1.9868 
1.9748 


12.4211 
2.7895 
4,7895 


3.1841 
1.7941 
2.0921 


11.5500 
3.7500 
4.3000 


3.1060 
2.2555 
1.7349 


11.1000 
4.2000 
4.6500 


2.3431 
2.1354 
1.3143 


Part II 

correct 


0.5500 


0.8047 


1.1053 


0.9676 


0.5000 


0.8062 


0.7500 


0.6225 
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Means and Standard Deviations for Individual Parts 
of Test 1-IV "by Stratification Level 
Experiment I 



Testa . 


Stratification Levels 


M 


1 

SD 


M 


2 

SD 


M 


3 

SD 


Test I 
















Part A* 


corrsGt 


10.7407 


2.2376 


11 .5926 


1.8710 


13.2000 


2. 7568 




under 


3*7407 


1.6687 


3.9259 


1.463B 


2.6800 


1.7600 




ovsr 


5* 2593 


1.2047 


4 . 2393 


1.5538 


4.0400 


1.6848 


Part Bi 


correc t 


0.4074 


0.4914 


0.4074 


0.4914 


0.6400 


0.4800 


















Part 


corr ec t 


10. 7037 


2*1225 


10 0000 


2.4944 


11 8400 


3. 7060 




under 


4 4444 




4 7037 


2.0515 




2 4087 




over 


4 * 8519 


1 1 771 


5 2593 


1.6687 


4. 3600 


2 0373 


Part B: 


eorreet 


0.1481 


0.3552 


0.1481 


0.3552 


0.1600 


0.3666 


Test III. 
















Part At 


eorrect 


11.3333 


2.6667 


11.5556 


2.4545 


14.4400 


3.0342 


' t 1 


under 


3.3704 


2.0394 


3.5556 


1.7059 


2.1600 


2.0333 


• 

. » 


over 


5*2593 


1.7970 


4.8889 


1.3966 


3.3600 


1.6942 


Part B! 


Gorrect 


0.1852 


0, 3884 


o.im 


0.3143 


0.2400 


0.4271 


Test IV 
















Part At 


correct 


1.8148 


1.0554 


1,8519 


1.0436 


2,6800 


1.2875 


Part Bi 


correct 


0,3704 


0.6175 


0.5556 


0,5666 


1.3600 


0.9749 
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Means and Standard Deviations for Individual Parts 
of Test V by Stratification Level 
EKperlnient I 









Stratlf lea 


tlon Leve 


;.s 


Teete 




1 




2 




3 




M 


SD 


M 


SD 


, M 


SD 


Test V 














Part Ai correct 


11,6667 


2.0728 


11.0370 


2.8478 


14.2000 


2.9799 


I under 


. 3.7778 


1.5713 


4.5926 


1.9486 


2.9600 


2.0684 


1 over 


4.2222 


1.8325 


4.3333 


1.5396 


2.8000 


1.6000 








lUi 7037 


2. 7864 


13.3600 


2.6364 


t under 


3.6296 


1.S904 


4.6296 


1.9273 


2.7200 


1.8443 


1 ovar 


4.7407 


1.6908 


4.6296 


1.6136 


3.9200 


1.4945 


Part Ci correct 


11.3704 


2.9332 


11,2222 


2.1315 


13.3600 


3.3091 


1 under 


3.5556 


2.2662 


4,0370 


1.5026 


2.6400 


2.3131 


1 over 


4.7037 


1.9209 


4.5926 


1.8907 


3.9600 


1.5357 


Part D: correct 


0.3704 


0.4829 


0.8148 


0.8623 


1.0000 


0.9798 



ERIC 



100 . 

Means and Standard Deviations for Individual Parts 
of Tests I-IV by Condition 
Experiment II 



Conditions 



Teats 


1 




2 


3 


4 




M 


SD 


M ■ 


SD 


M 


SD 


M 


. SD 


Test I 


















Part I: correct 


13.6071 


2.9682 


13.1538 


3.4718 


15.1786 


3.0944 


11.1379 


2.6356 


1 under 


2.4286 


2,0429 


2.4615 


1.6227 


1.7500 


1.7652 


3.8621 


1,9779 


t over 


3.7857 


2,0417 


4.3077 


2.44S9 


3.0714 


1.7714 


4.9310 


1.7991 


Part III correct 


0.7500 


0.4330 


0.7692 


0.4213 


0.7857 


0.4103 


0.4828 


0.4997 


Test II 


















Part I; correct 


13.9286 


2.4774 


14.8462 


2.6267 


14.1429 


3.0789 


11.8966 


2.9751 


1 under 


2.6786 


1.5131 


1.4231 


1.2457 


2.8571 


2.2315 


3.6897 


1,7440 


I over 


3.2500 


1.7449 


3.7308 


1,8305 


2.8929 


1.7390 


4.3448 


2.0890 


Part III correct 


0.6071 


0.4884 


0.6923 


0.4615 


0.8571 


0.3499 


0.2069 


0.4051 


Test* TTT 


















Part I: correct 


13.6071 


2.5543 


14.6154 


2.7467 


13.5357 


2.8596 


11.5172 


2,0615 


I under 


2.7143 


2 .1020 


1.5385 


1.3368, 


2.2500 


1.6610 


3.8276 


1.8582 


I over 


3.5357 


1.6362 


3.8462 


1.9941 


4.2143 


1.8776 


4.6552 


1.2939 


Part II: correct 


0.7143 


0.4518 


0.5385 


0.4985 


0.6786 


0.4670 


0.3793 


0.4852 . 


TmBt IV ' 


















Part It correct 


?t7i43 


2.1020 


2,6134 


1.6190 


3.0000 


1.8323 


1*7261 


1 .0795 


Part II: correct 


1.6071 


1.1753 


1.5385 


1,1174 


2.0714 


1.0996 


1.0000 


1.1142 
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Maans and Standard Deviations for Individual Parts 
of Tsst V by Condition 
Experiment II 









Conditions 










Test 


1 




2 




3 




4 






M 


SD 


M 


SD 


M 


SD 


M 


SD 


Test V - Part I 


















A: correct 


14,4643 


2.8219 


12.8462 


3.6658 


14.1071 


3.6775 


10.5862 


2.2670 


% under 


2,5714 


1.9898 


3.3846 


2.3383 


2.6071 


2.2731 ' 


4.7931 


1.5840 


1 over 


2.9643 


2.0438 




i . 2861 


3.2500 


2.4440 


4.6207 


2.0071 


Bi eorract 


13,6429 


2.9058 


13.9231 


3.4743 


13.7500 


2.8862 


10.6552 


3.5552 


1 under 


2.8214 


2.2209 






3.0000 


2.1044 


4.4483 


2.1429 


1 ovar 




L , U4 Jo 


3.5385 


2.1345 


3.2500 


1, 7652 


4.8621 


2,1928 


Ct correct 


14.0000 


2.2361 


13.807,7 


2. 8014 


13.5714 


2.9085 


11.6552 


2.7073 


1 under 


2.3929 


1.6331 


2.1154 


1.6011 


2.6071- 


1.9150 


3.2414 


1.7151 


I over 


3.6071 


1.6975 


4.0385 


1.8288 


3.8214 


1.7332 


5.0000 


1.9119 


Part 11 


















correct 


1.6429 


0.9340 


1.5385 


1.1174 


1,7500 


1.1220 


0.8276 


0.9850 



i 

■ ' * 
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Means and Standard Deviations for Individual Parta 
of Test I-XV by Stratification Level ■ 
Experiment II 



Stratification Levels 



Tests 

• 


M 


1 

SD 


M 


2 

SD 


M 


3 

SD 


Test I 














Part A: eorreet 


11.3056 


2.6752 


14.1842 


2*9545 


14.1892 


3.5855 


i under 


3.4444 


2.2785 


2.0789 


1*5957 


2.4324 


1 89fiS 


J over 


5.2222 


1.8873 


3.6842 


1,9481 


3.2162 


2.0419 


Part B: correct 


0.5833 


0.4930 


0.7105 


0.4535 


0.7838 


0.4117 


Test 11 














Part A; correct 


12.7778 


2.5068 


13,4211 


2*8063 


14 .7838 




: under 


2.9167 


1.8615 


2. 8421 






9 nAno 

6 a U'tU 3 


1 over 


4.2778 


1.7890 


3.6579 


1,9368 


2. 7568 


1.7768 


Part B; correct 


0.5000 


0.5000 


0.5526 


0,4972 


0.7027 


0.4571 


Test III 














Part Ai correct 


11.8889 


2.4920 


13.6842 


2.6168 


14.2162 


1.1522 


under 


3.3333 


2.2485 


2.4737 


1.5172 


2.0541 


1.8299 


over 


4.7778 


1.6349 


3.8421 


1.7400 


3.6216 


1.6982 


Part Bs correct 


0.4167 


0.4930 


0 15526 


0,4972 


0.7568 


0.4290 


Teat IV 






i 








Part Ai correct 


• 1.3889 


1.0872 


2.4211 


1.2697 


3.6757 


1.9872 


Part Bi correct 


0.6339 


0.7871 


1*7105 


1 . 0236 


2.2703 


1.1065 
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Means and Standard Deviation& for Individual Parte 
of Test V by Stratification Level 
Experiment II 





Stratification Levels 


Testa 


1 


2 


3 






M 






bu 


M 


SD 


Test V 














Part A: correct 


11.3056 


2,7970 


13.5263 


3.4848 


14.0541 


3.5485 


I under 


4.2778 


2.2062 


2.7105 


1.7458 


3.1081 


2.4581 


I over 


4.3333 


2.2608 


3.7368 


2.4675 


2.8378 


1.8382 


Part B: correct 


12.0556 


3.1265 


12.5000 


3.2586 


14.2973 


3.6751 


1 mider 


3.4167 


1.8008 


3.4474 


2.3697 


2.8108 


2.5451 


t over 


4.5000 


2.0616 


4.0526 


2.1879 


2.8919 


1.8126 


Part Ci correct 


12.0556 


2.7983 


13.2105 


2,5043 


14.4054 


2.7159 


t under 


3.0000 


1.6667 


2.7368 


1.6965 


2.0811 


1.8215 


* over 


4.8889 


1.7916 


4,0000 


1.8496 


3.5135 


1.7183 


Part Dr correct 


0.8333 


0.9280 


1.4737 


1.0192 


1.9730 


1.0523 
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Means and Standard Deviations for Individual. Parts 
of Tests I-IV by Condition 
Exp er linen t III 



Condi tions 



Tests 




1 




2 


3 


4 








M 


SD 


M 


SD ' 


M 


SD 


M 


SD 


Teat I 




















Part II 


correct 


11.7083 


3.2078 


15.5714 


3.0170 


16.6250 


2.7358 


11.2917 


3.3600 


• 


under 


3.5000 


1.7559 


1.6429 


1.5169 


1.2083 


1.2576 


4.0417 


2.0912 


* 


oyer 


-4.7917 


1.9786 


2.7857 


2.0763 


2.1667 


1.7480 


4.6667 


2.0138 


Part III 


correct 


0.5000 


0.5000 


0.7143 


0.4518 


0.7500 


0.4330 


0.5417 


0.4983 


Test II 














- 






part ir 


correct 


12.6667 


3.5198 


14.1786 


3.0479 


14.5000 


3.2660 


12.1250 


3.9509 


• 


under 


2.8333 


1.9076 


2.0714 


1.7914 


2.6667 


1.9293 


4.1667 


2.4944 




over 


4.4167 


2.0599 


3.7500 


1.8637 


2.8333 


2.1538 


3.6667 


1.9720 


part II: 


correct 


0.1667 


0.3727 




n A "7 Q o 


U . /□Uu 


0 .4330 


0.2917 


0.4545 


Test m 




















part I- 


cbrrect 


14.0833 


2.9849 


14.6071 


2.6905 


14.0000 


2.5000 


11.0417 


2.8647 




under 


2.7083 


1.8815 


2.4643 


1.6579 


2.4167 


1.6051 


4.1250 


1.9432 




over 


3.2083 


1.5270 


2.9286 


1.5336 


3.5417 


2.1598 


4,7917 


1.7315 


part II- 


correct 


0,3750 


0.4841 


0.6786 


0,4670 


0.6667 


0,4714 


0.2917 


0.4545 


Test IV 




















part !• 


correct 


2.4583 


1.4994 


3.2143- 


1.9704 


3.5833 


1.9983 


2.2917 


1,8366 


part 111 


correct 


1.0000 


1.0000 


1.8929 


1.1129 


2.5000 


0.9129 


1.1250 


1.0533 



ERIC 



105 



Means and Standard Deviations for Individual Parts 
of Test V by Condition 
Experiment III 



Conditions 



Tests 


1 

M , SD 


2 

M SD 


3 

M SD 


4 

M SD 


Test V - Part I 
A: correct 
; under 
• over 


11.7917 
3.9583 
4.2500 


3.2657 
2.1111 
1.7854 


14.8571 
2.2143 
2.8929 


3.4715 
2.1606 
1.9882 


16.1250 
1.5417 
2.3333 


2.8035 
1.6325 
1.5986 


11.3333 
4.3333 
4.3333 


3,2998 
2.1922 
1.8409 


B: correct 
: under 
! over 


12.6250 
3.1250 
4,2500 


3.7060 

2.3684 
1.8540 


14.3214 
1.9286 
3.7500, 


2.9887 
1.9987 
1.8444 


13.5417 

3.1250 
3.3333 


3.7414 
2.4206 
2.3570 


13.3333 
3.3750 
3.0417 


3.4841 
2.0578 
2.0100 


C ! corriiot 
: under 
J over 


13.8333 

2.3750 
3.7500 


3.0231 
2.0169 
1.5612 


14.1786 
2.3214 
3.4643 


2.6465 
1.7124 
1.8416 


13.7917 
2.5833 
3.4583 


3.1222 
2.0599 
1.8253 


11.8750 
3.3333 
4.7917 


3.0864 
1.8409 
2.0203 


Part II 

correct 


1.2917 


1.2741 


2.0000 


1.0351 


2.2083 


1.0793 


1.2500 


1.1273 
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Means and Standard Deviations for Individual Parts 
of Test I-IV by StratlflGation Level 
Experiment III 









Stratification Leve! 


Ls 


Tests 


1 






2 


3 






M 


SD 


M 


SD 


M 


SD 


Test I 
















Part A: 


correct 


13.0286 


3.7606 


13.2000 


3,4775 


15.2857 


3.8587 


■ 


under 


3.0857 


1,9766 


2. 7000 


1.7916 


1.9143 


2.1695 


• 


over 


3,8857 


2*1748 


4.1000 


2.2561 


2.8000 


2.1620 


Part B% 


correct 


, 0.4286 


0.4949 


0.5667 


0,4955 


0.8857 


0.3182 


Test II 










\ 






Part At 


correct 


11,6571 


2,8779 


13.5333 


\ 

3,3935 


15.0286 


3.5896 




under 


3.5143 


1.9621 


2.9333 


2.1899 


2.2571 


2,1954 




ovar 


4.7714 


1 , 7902 


3/5333 


1,7839 


2.6857 


2.0670 


Part Bi 


correct 


0.4000 


0.4899 


0.4667 


0.4989 


0.5429 


0.4982 


Tegt III 
















Part ki 


correct 


12*1429 


2.6741 


14.0000 


3.0441 


14.3714 


3.0714 


t 


under 


3.6000 


1.4182 


2.9333 


1 .9989 1 


2.2000 


1.9828 ' 




over 


4.2571 


1,9025 


3.0667 


1.5041 


3.3714 


1.9725 


Part B: 


correct 


0,4571 


0.4982 


0.5000 


0 .5000 


0.5714 


0.4949 


Teat IV 
















Part At 


correct 


2.2000 


1.4890 


2.6000 


1.5406 


3.8571 


2.1797 


Part Bi 


correct 


1.2286 


1.0443 


1.4667 


1.2311 


2,2000 


1.0637 



Means and Standard Deviations for Individual Parts 
of Test V by Stratification Level 
Experiment III 



Tests 




Stratification Level 


s 




1 

M 


SD 


2 

M 


SD 


3 

M 


SD 


Test V 


















Part 


A: 


correct 


12.3143 


3.6938 


13.6333 


3.0603 


14.8000 


4.0553 






under 


3.6000 


2,2194 


3.1333 


1.9448 


2.2286 


2.5644 






over 


4.0857 


2.0890 


3.2333 


1.5206 


2.9429 


2.1104 


Part 


B: 


correct 


.11.7714 


3.2784 


13.3000 


2.9905 


15.3714 


3.2609 






under 


3.6571 


2.3292 


2.9000 


1.8682 


2.0000 


2.2678 






over 


4.5714 


1.9315 


3.6000 


1.9933 


2.6286 


1.7902 


Part 


C: 


correct 


12.0286 


2.8131 


13.7000 


3.0238 


14.6571 


2.8480 






under 


3.2857 


1.6137 


2.5333 


2.0287 


2,0857 


1.9910 






over 


4.5429 


1.8415 


3,7667 


1.9947 


3.2286 


1.6228 


Part 




correct 


1.4286 


1,1029 


1.5333 


1.1175 


2.1143 


1.2597 
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HOYT RELIABILITY ESTD^TES FOR 
DEPENDENT MEASURES 
EKparlmenta I--III 
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Hoyt Reliability Estimates for 
Depend en t Measures 
Experiments I-III 



Dependent Measures 



Part I5 Tests I-III 
(correct classification) 

Part II, Tests I-IV 
(recog, of definitions) 

Part I, Test IV 

(knowl, of relationships) 

Part I, Test V (sections A-C) 
(correct classification) 

Part II, Test V 
(recog. of definitions) 



Experiments 



.65 



.35 



.08 



,66 



,37 



II 



,78 



.74 



.51 



.82 



,58 



III 



,84 



.79 



.59 



,85 



,74 
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